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LEGAL NOTICE

This report was prepared as an account of Government-sponsored work.
Neither the United States, nor the Maritime Administration, nor any per-
son acting on behalf of the Maritime Administration, (a) makes any war-
ranty or representation: expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information, dpparatus, method,
or process disclosed in this report may not infringe privately owned rights:
or (b) assumes any liabilities with respect to the use of or for damages ,
resulting from the use of any information, apparatus, method, or process
disclosed in this report. As used in the above, "persons acting on behalf I
of the Maritime Administration" includes any employee or contractor of
the Maritime Administration to the extent that such employee or contract-
or prepares, handles, or distributes, or provides access to any informa-
tion pursuant to his employment or contract with the Maritime Administra-
tion.
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1. 0 INTRODUCTION/ EXECUTIVE SUMMARY

The at-sea test and evaluation of commercially available oxygen (02)
analyzers, was conducted under the sponsorship of the U.,S. Maritime Ad-
ministration's Office of Research and Development and with the coope ration
otf 1ykcs Brothers Steamship Company, Inc. , the oprawtr of the iest ves-
,csl. The results of this endurance test and evaluation provided consid-
crabl data that formed a basis for identifying and specifying require-
mcnts for continuous reading boiler flue gas oxygen content analyzers
suitable fo r service in the rigorous shipboard environment.

1. 1 Scope

The at-sea endurance testing of eight (8) commercially available con-
tinuous reading oxygen (0z) analyzers conducted onboard the general
cargo vessel S. S. STELLA LYKES from April, 1980, through Janu-
ary, 1981, was based on a detailed analysis and screening of currently
available 02 analyzer systems, the development of test requirements,
methodology and criteria and the successful implementation of a five
(5) phased program technical approach as presented in detail in Section
2. 0 of this report. Initially, fifty (50) analyzers of different manufac-
ture were screened. They can be categorized generically according to
sensing principle including wet chemical, electro-chemical, paramag-
netic, thermo-magnetic and zirconium oxide. Early on it became in-
creasingly evident from a review of analyzer design, experience obtain-
ed from applications similar to marine boilers and user interviews that
the zirconium oxide based analyzers of the extractive and in-situ types
represented the test technology currently available for shipboard appli-
cation. (Extractive units are placed external to the boiler uptake and
require an air asperated eductive loop to draw a sample of flue gas out
of the stack across the cell and back into the stack. In-situ units place
the cell directly in the flue gas path in the uptake. ) The eight (8) ana-
lyzers finally selected for endurance testing were zirconium oxide based
02 analyzers.

The evaluation was conceived and implemented as an endurance test.
The analyzers were installed in the boiler uptakes sampling dirty flue
gas and were evaluated continuously over a ten (10) month period under
typical shipboard operating conditions and monitored and supported by
shipboard operating personnel, as opposed to a rigorously controlled
shoreside laboratory evaluation. Each analyzer's output (% 0 2 ) was
recorded continuously by an automatic data logging system designed
specifically for this evaluation. Other quantitative and qualitative data
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was recorded manually on a scheduled frequency. This accumulated
data became the basis on which the program's objectives were form-
ulated and achieved. The technical approach taken was that of a time
phased program consisting of the following program tasks.

Task 1: Development of Test and Evaluation Methodology

Task 2: Selection and Procurement of Oxygen Analyzers

Task 3: Installation of Oxygen Analyzers

Task 4: Extended Endurance Testing of Oxygen Analyzers

Task 5: Development of Performance Data and Criteria
(Specification) for Shipboard Oxygen Analyzers

Tasks 1 through 4 of the technical approach are described in detail in
Section 2. 0 of this report, while Task 5 is addressed in Sections 3. 0
and 4.0.

1.2 Objective

The nature of the testing carried out was that of a "real world" in-serv-
ice evaluation of analyzers whose implementation in related shoreside
applications have proven successful but for which there was little or no
data and experience available from marine boiler installations. The over-
all objective of the program was not to evaluate each analyzer individual-
ly and against one another to establish an order of ranking but to identify
and document both the positive and negative features and aspects of each
machine. This information was then used to develop a recommended spec-
ification for a marinized version of a continuous reading zirconium oxide
based oxygen analyzer which adequately addresses and identifies those re-
quirements peculiar to a typical shipboard propulsion system operating
environment. A specification was developed from information obtained
and/or categorized under the following criteria.

(I) In-Service Performance

(2) Repeatability

(3) Calibration and Recalibration Requirements

(4) Maintainability

1-2
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(5) Repairability

(6) Environmental Influences

(7) Presentation of Reading/Information

Paragraph 4. 2 of this report presents a recommended specification for

the procurement and shipboard application of continuous reading 1 irc-

onium oxide based oxygen (0?) analyzers.

1. 3 Summary of Results

Of the eight (8) analyzers evaluated in this program five. (5) operated

without failure throughout the ten (10) month shipboard endurancc test

phase yielding continuous test data. Of the three (3) units which cxper-

ienced failures, the duration of time during which they were not function-

ing was 67%, 46%, and 16% for which disabling causes were dutermined

to be a plugged sample gas asperator tubing circuit, repetitive failurc
of a cell heater temperature control circuit and a control cabinet electron-

ic malfunction.

Of the five (5) units that remained in operation continuously without the

need for factory service due to failure, no single unit on the basis of ev-

aluation criteria listed in Paragraph 1. 3 was found to be completuy suited
for marine service. However, all eight (8) units with modification )r ad-

justment during manufacturing and/or in the field at the time of installa-

tion, could meet the specification requirements developed as a result of
this program.

The at-sea test and evaluation of oxygen analyzers demonstrated that the

zirconium oxide based oxygen sensing principle coupled with state-of-the-
art miniaturized electronic components and circuitry for display and sig-

nal conditioning, properly specified and selected, can offer a reliable low
cost (under $8, 000. 00 installed per boiler) method for . ),tinuously mon-

itoring the oxygen content (excess air level) in exhaust gab from marine

boilers.

1. 4 Marine Boiler Flue Gas Analysis Background and Benefits

The analysis of boiler stack gas for its content of various components

such as carbon dioxide (CO 2 ) or oxygen (02) as indicators of excess air
(see Figure 1. 1) supplied for the combustion of fuel in the furnace and
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boiler efficiency, in conjunction with stack temperature, has long been
an accepted standard both ashore and for marine boilers. Historical-
ly, CO 2 content in the stack gas has been used as the primary indicat-
or of excess air supplied for combustion and ultimately, boiler effic-
iency. However, oxygen content in flue gas as an indicator of excess
air offers a significant advantage over CO2 in that its value as a per-
centage of a sample volume of fuel gas is independent of the carbon
hydrogen weight ratio of the fuel oil being burned. As can be seen from
Figure 1. 2, at 15% excess air the CO 2 indication in the flue gas varies,'

by 1.8% when the carbon-hydrogen ratio changes from 6 to 10. From
the same carbon-hydrogen ratio change, the 02 indication in the flue
gas varies by 0. 06%. The oxygen/excess air relationship's insensitiv-
ity to the carbon-hydrogen weight ratios in the fuel being burned is es-
pecially important when considering it for marine boiler flue gas analy-
sis. This is due to the fact that a steam ship can expect to bunker and

burn oils of greatly varying quality with a wide range of hydrogen con-
tent due to the transient nature of vessel operation and the usual lack of
a detailed analysis of the qualities and characteristics of the fuel being
supplied. Since burners are designed to fire at specified excess air 1ev-
els, knowledge of the excess air level in the flue gas is important to
detect burner problems and off-design operation which reduces boiler
efficiency.

From a boiler operating standpoint the ability to read or monitor excess

air levels continuously offers significant assistance and advantage in keep-
ing. hl ilt'r efficiency at or near optimuni. Until very recently most ,vstlns

for measuring both CO2 and 02 content in the flue gas as an excess air
indicator were not suitable for monitoring these parameters on a contin-
uous basis. Usually these readings were taken once daily aboard ship
utilizing a wet chemical'," analysis system. The frequency with which
these readings were taken and practical problems associated with main-
taining the sampling system and chemicals made this approach virtually
impossible to apply to boiler operation on a continuous basis. Improve-
mrnnts in the reliability of continuous reading devices for flue gas oxygen

content analysis were developed. These consisted mostly of paramagnet-
ic and electro-chemical analyzers which required extensive filtering,
cooling and drying sub-systems to condition the gas prior to flowing it
across the primary sensor. These systems because of the constant main-
tenance required still presented severe problems in terms of operational
reliability. The development of the zirconium oxide based oxygen ana-
lyzer sensing principle for dirty gas applications coupled with state-of-
the-art electronics technology over the past five (5) years has greatly

improved the operational reliability of continuously reading oxygen ana-
lyzc r s.

NOT': Orsat measures 0 2 "dry." Wet refers to the chemical reage.its.
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FIGURE 1.2
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However, this recent improvement in flue gas analysis technology was
not accomplished without some economic incentive. For boiler flue gas
monitoring applications, this impetus has been the very steep increase
in the cost of fuel oils commonly employed as boiler fuels (approximate-
ly 30% per annum over the past eight (8) years). Simply stated for a
clean boiler operating at fixed steaming rate, supplying air flow for com-
bustion which exceeds design values required for proper combustion and
heat transfer (typically 15% excess air or 3% 02 for a marine boiler)
wastes fuel. This inefficiency results from the fact that the air supplied
in excess of design requirements enters the furnace, is heated by the
combustion process and carries heat up the stack and out of the boiler.
Under normal design conditions this heat would have been transferred to
water in the boiler tubes to generate steam. For every 15% of air sup-
plied to a marine boiler for combustion in excess of design requirements,
a one (1) percent decrease in boiler efficiency occurs (or a 1% increase
in fuel consumption). In a clean boiler this condition can usually be cor-

related with an increase in final stack temperature above the design val-
ue as illustrated in Figure 1. 3. For a ship similar to the test vessel, I:
the S. S. STELLA LYKES, the installation of 02 analyzers similar to
any of those evaluated in this program and which allowed the operators
to reduce excess air by 15% would result in a fuel consumption reduction
equivalent to $30, 000. 00 per year based on calculations considering only

operation at sea for 222 days per year. This savings would pay for the
cost of a typical installation in less than six (6) months.

The reduction of excess air supplied for combustion also provides ot:er
more subtle benefits. These result primarily from a reduction in the
amount of free oxygen available to initiate fouling and corrosion of hot-
ter boiler superheater surfaces (see Figure 1.4). Fouling and corrosion
attack of the colder economizer surfaces as a result of oxidation of sul-
fur due to the availability of free oxygen contained in the flue gas and the
subsequent formation and condensation of sulfuric acid in these cooler

boiler regions is also reduced. This relationship is illustrated in Fig-
ure 1. 5 as a function of sulfuric acid dewpoint and excess air levels.
The reduction of boiler heat exchange surface fouling and corrosion will
also provide additional savings in maintenance and repair costs, vessel
outage due to boiler related problems and potentially longer boiler com-

ponent life.

1-7
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FIGURE 1.4

TEMPERATURE AS A FUNCTION OF

EXCESS AIR
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2. 0 PROGRAM BACKGROUND, REQUIREMENTS AND TECHNICAL
APPROACH

2. 1 Background

As detailed previously in Section 1. 0, the technical and economic justif-
ification has been well established for the continuous monitoring of stack
gas oxygen (02) content as a means of quantifying and as an aid for con-
trolling excess air levels employed in boiler combustion processes. This
experience has primarily been obtained from the application of continuous
monitoring 02 analyzers to shoreside utility and process boilers and more
recently from limi-eG marine boiler installations. While as mentioned in
Section 1. 0, the e.ight (8) oxygen analyzers ultimately selected for at-sea
endurance testing and evaluation, were zirconium oxide based units, the
fifty (50) corn .*rcia iy available units initially screened and evaluated
for inclusion in this project ran a wide gamut in terms of basic operating
principles a d, . ,ries.

2. 1. 1 Redefii-tion of Program Scope

The initial scope of this program as specified and as contracted includ-
ed the review and consideration of all types of commercially available
oxygen analyzers, regardless of the theory or principle of operation,
that had a potential for monitoring oxygen content (excess air) in the ex-
haust gases of residual oil fired marine boilers. Early on in the con-
duct of this review it became evident that the current and evolving state-
of-the-art for monitoring oxygen content as an indicator of excess air in
the exhaust gas from power and process boilers was based on the use of
the zirconium oxide coated ceramic cell as a primary sensor supported
by high technology electronic signal conditioning and display sub-systems.
This basic package was found to be manufactured by a number of differ-
tnt companies and in wide use ashore in numberous utility and industrial
applications. The zirconium oxide based analyzer offered a high degree
of reliability, compactness, ease of installation and operation and an in-
dication of exhaust gas oxygen content on a continuous basis as determin-
ed from contact with users and manufacturers. Finally, there was con-
siderable experience and knowledge in the maritime community concern-
ing the application of wet chemical, elect ro-chemical, paramagnetic and
thermomagnetic systems for oxygen content monitoring in the flue gases
of marine boilers. Generally, this experience had been negative.

Taking into account present state-of-the-art systems, ease of installa-
tion, and other factors, a decision was made to pursue an evaluation of

2-1



those commercially available zirconium oxide based oxygen analyzers
in generic terms. The remainder of this section presents in detail

background, requirements, and the technical approach employed in
meeting the program's objectives.

2. 1.2 Sensor Types

The 02 analyzers and analyzer systems reviewed during the selection
sub-task of the program can be grouped in the following categories bas-
ed on their operating principles and theories; wet chemical, electro-
chemical, paramagnetic, thermomagnetic and zirconium oxide. Other
methods for oxygen analysis such as gas chromatography were only
briefly investigated and eliminated from consideration due to such fac-
tors as delicate design, limited application in such areas as scientific
and medical laboratory service and in most instances agreement by man-
ufacturers that these systems were not suited for marine boiler stack
gas analysis service. A brief description of the first four (4) types and

their typical applications and limitations are presented below followed
by a detailed description of the zirconium oxide based principle for
sensing oxygen content in the sampled gas. In all cases the content of

oxygen in the gas stream is measured on a volumetric basis.

Wet Chemical

Wet chemical analysis of 02 is based on the exposure of a known vol-
ume of gas to chemical reagents. Specific chemical reagents will ab-
sorb the different components of the sample gas. By comparing the or-
iginal and the remaining gas volume, the percentage of oxygen which
was present can be quantified. The wet chemical method relies on chem-
ical reagents, measurement hardware, sample filters and piping and an
asperator loop. It is a non-continuous spot checking method. In vari-

ous forms it has been the standard for determining stack gas content and

excess air levels in shoreside utility and process boilers as well as ma-
rine boilers and many other industrial and scientific applications. Care-
ful care and maintenance of the chemical reagents and asperator loop

must be performed on a regular basis to assure accurate reliable re-
sults. The active life of the chemical reagents is also very sensitive

to cleanliness (unburned hydrocarbon, carbon and sulfur content) of the

exhaust gas sample. Figure 2. 1 illustrates this apparatus. The final
O reading is a gross reading in that none of the oxygen consumed in

the chemical process is consumed by or as a result of any other func-
tion than determining the sample's 0 2 content.
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Elect ro-Chemical

Electro-chemical 02 analyzers measure oxygen content by forcing the
sample through a selective membrane which diffuses the oxygen. This
diffused oxygen comes in contact with a cathode/anode array. The re-
duction of the oxygen at the cathode and oxidation occuring at the annoo
creates an electrical current which is proportional to the concentration
of the oxygen in the gas sample which can then be read on a meter. The
electro-chemical system requires a sampling system, sample condition-
ing (filtering) system, electro-chemical cell and signal conditioning/
elect ronic readout system (see Figure 2. 2). 0 2 sensors, employing
this method may be asembled in a portable system package for spot
checks, or complete as a complete sample and conditioning system for
permanent installation providing a continuous readout. This system re-
quires maintenance and care similar to that described for the wet chem-
ical method and is also very sensitive to impurities in the sample gas.
It also provides a gross analysis of oxygen content. Historically, it
has been employed to monitor combustion processes as well as in many
other industrial and scientific applications.

Paramagnetic

Paramagnetic analysis of oxygen presence in a sample gas flov employs
the principle of oxygen's ability to alter the force of a non-uniform mag-

netic field. The sample gas is passed through a paramagnetic cell and
causes varying effects on the cell's magnetic field depending on the amount
of oxygen in the sample. Suspended inside the field is a rotational device
which is displaced by the oxygen induced changes in the magnetic field.
Typically, a beam of light is made to reflect from this rotational device
which is detected by a photo-cell arrangement whereby rotational dis-
placement can be determined and converted into a proportional output
signal. The paramagnetic sensor requires a complete sampling system,
sample conditioning system and an ambient temperature set point that
is maintained continuously in the analyzer. A simplified arrangement is
shown in Figure 2. 3. In recent years this type of analyzer has seen in-
creased use in combustion exhaust gas monitoring in both shoreside and
marine boiler applications. However, it is extremely sensitive to im-
purities in the sample gas flow and can produce erroneous readings as
a result of moderately small build-ups of soot in the cell. Normally
these units are supported with effective sample gas filtering devices
which must be maintained regularly. Portable units for periodic checks
and permanent continuous reading systems are available. These units
also produce a gross volumetric measurement of oxygen content.
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FIGURE 2.2TYPICAL ELECTRO CHEMICAL
OXYGEN ANALYZER
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The rmomagnetic

The therniomagnetic analyzer relies upon the paramagnetic properties

of oxygen and the effect of temperature on the strength of the cell's

magnetic field. By combining a magnetic field gradient and a thermal
gradient, it is possible to induce a flow of sample gas through the cell.
The intensity of the gas flow is dependent on the concentration of oxy-

gen present in the sample. The oxygen content in the sample gas flow

is measured as a result of its effect on the resistance of a temperature
sensitive element (thermistor). This thermistor then conditions a con-

stant current signal by means of a Wheatstone bridge circuit which in-

dicates on a meter or other device the oxygen content in the sample.
The thermomagnetic system requires a sampling system, a filtering

system and a signal conditioning/readout system. A typical sensor
is depicted in Figure 2.4. The thermomagnetic based analyzer is sens-

itive to the same limitations in terms of sample gas cleanliness as the

paramagnetic device, produces a gross volumetric reading of oxygen
content and can be provided in a portable or continuous on-stream con-

figuration.

Zirconium Oxide

Zirconium oxide is a material that, when heated, becones permeable

to oxygen ions. When the zirconium oxide coated ceramic cell is ex-

posed to flue gas on one side and reference air on the other it acts li'

a solid electrolyte. The greater the difference in oxygen concentrations
on either side (or partial pressures of oxygen), the higher th. voltage.

potential generated across the cell. This voltage potent; :icr ..

zirconium oxide coated cell is detected by (+/-) electi a as a cell

output signal which is conditioned by the analyzer solid state electron-
ics and displayed as a percent by volume oxygen concentration.

The predictability of zirconium oxide's response to the partial pressure

of oxygen is defined by the Nernst Equation. The Nernst Equation, simp-
ly stated, is the relationship which defines the voltage potential develop-

ed across the heated surfaces of the cell when exposed on each side to
different concentrations of oxygen. This equation was employed in all

of the analyzers tested. The relationship between the cell output, temp-

erature, cell constant and the sample and reference oxygen concentra-

tions can be expressed by the following equations:

E RT Ln (PI) + C
4F (P2)

S. -2-7



FIGURE 2.4
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E = Output Voltage of Cell

R = Gas Constant

F = Faraday's Constant

T = Temperature of Cell (absolute)

PI = Partial Pressure of Oxygen
(reference gas, air)

P2 = Partial Pressure of Oxygen
(sample gas)

C = Cell Constant

or stated differently:

E = KT log 10 P(R) + C
P(S)

E = Output Cell Voltage

K = Constant Involving the Gas Constant
and Faraday's Constant

o0

T =Absolute Cell Temperature in Kelvin

P(R) = Partial Pressure Oxygen

(reference gas, air)

P(S) = Partial Pressure Oxygen

(sample gas)

C Cell Constant

Using the Nerst Equation, the manufacturer first determines the cell
constant which is different for each zirconium oxide coated cell. Af-
ter the cell constant is computed, the only other variables in the equa-
tion become the temperature and the unknown quantity or partial pres-
sure of oxygen in the sample gas, the gas constant, Faraday's Constant
and the partial pressure of oxygen in the reference gas (air) being de-
fined quantities. Since the temperature range at which zirconium oxide
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reacts according to the Nernst Equation is between 1100and 1500° F,
the manufacturer may provide elements and circuitry to heat and

maintain the cell at an elevated constant temperature in this range.

In this manner the cell temperature portion of the equation also be-

comes a constant. If the temperature is not held constant, the ac-

curacy and calibration of the analyzer will drift. The other alterna-
tive is to include additional analyzer electronics which solve the Nernst

Equation for P(S) and T continuously. This important relationship of
cell output voltage and temperature is depicted in Figure 2. 5.

The zirconium oxide analyzers for the purposes of this program were

selected based primarily on their strong points of suitability for ma-

rine service (dirty gas), minimal support systems required, flexibil-

ity of location, method of sampling (direct, continuous) and shoreside
and marine user operational and maintenance experience. The output

of the device in percent oxygen by volume is considered to be a net read-

ing. This is due to the fact that any unburned hydrocarbon vapors or
soot entrained in the sample will tend to combust in the cell at elevated
temperatures (1100 to 1500 0 F). This combustion tends to reduce or de-
plete the oxygen in the sample resulting in a "net" reading across the

cell. This effect is felt to be very minimal throughout the operating
range of a typical marine boiler except in transient, upset conditions

where soot and/or unburned hydrocarbons may be present such as dur-

ing maneuvering or soot blowing.

A major sub-category among the zirconium oxide analyzers was the

method of sampling, extractive versus in-situ.

Extractive zirconium oxide analyzers are those units where the zirc-

onium oxide coated cell is located adjacent to but outside of the flue gas
path, and an eductive air loop is used to flow flue gases past the cell.

The in-situ zirconium oxide analyzers are those units where the zirc-

inium oxide coated cell is located directly in the gas path and needs no

air eductor to flow flue gases past the cell. A balance was sought be-
tween the number of in-situ and extractive type units tested. The final

selection for testing included four (4) in-situ analyzers, three (3) ex-
tractive analyzers, and one (1) combination in-situ extractive analyzer

that had the cell in the gas path but required an air eductor flow to pull
flue gas past the cell. Figures 2. 6 and 2. 7 depict typical zirconium ox-

ide oxygen analyzer extractive and in-situ primary sensor configurations.

2. 2 Development of Test Requirements and Methodology

Test requirements and methodology were identified and developed prior

2-l



FIGURE 2.5
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FIGURE 2.6
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FIGURE 2.7
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to the final selection, installation and endurance testing of those com-
mercially available oxygen analyzers initially screened as potentially
suited for marine service. This work ultimately shaped and defined
the overall technical approach and assured that the necessary qualita-
tive and quantitiative data required from the at-sea endurance testing
program phase would be obtained in sufficient detail and quantity so as
to meet the program's objectives. This effort is described in the fol-

lowing paragraphs.

2.2. 1 Test Vessel and Boiler Selection

The at-sea operational endurance testing was felt to be the heart of the
program as the ambient engine room conditions under which the oxy-
gen analyzers were to be evaluated would reflect shipboard conditions

that are considerably more deleterious to typical monitoring instru-
mentation than those present in a more controlled and stable industrial
or utility boiler application. Some of the more severe marine power
plant environmental factors and conditions typically encountered are list-
ed below.

* 300 roll side to side; 15 second period (full cycle)

* 60 pitch bow-up to bow-down; 6 second period (full cycle)

S150 list either side

*, 30 trim either by bow or stern

Continuous exposure to moisture, corrosive, abrasive and/
or salt laden atmospheres

Ambient air temperatures of up to 122 F (50'C)

Extremes in operating cycles and conditions including

frequent on/off operation and random preventative

maintenance

Electrical power generation and distribution system instability

including poor wave form and unbalanced voltage

*, Exposure to abnormal shock and vibration
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I
Test Vessel

Working with the operator, Lykes Brothers Steamship Cormpny, Inc.
of New Orleans, Louisiana, a general cargo vessel from their "Far
East Clipper" class, the S. S. STELLA LYKES, was selected to SerVe

as the test vehicle. Delivered in 1966, she is 540 feet long overall ,and
is powered by a cross-compound, geared marine steam turbinc enginc
developing 15, 500 shaft horsepower producing a speed of 20 knots at ,t
maximum displacement of 21, 840 long tons. The vessel is depicted
underway in Figure 2.8. During the term of the at-sea 02 :inalyzer en-
durance testing she was operated in both the U. S. Gulf/Mediterrantein
and U. S. Gulf/Far East trades.

Boilers

The vessel is fitted with two (2) watertube, doublc cased, oil fired steaIlm
generators equipped with steam air heaters and economizers. Thc oil

fired in the boiler is Bunker C, a residual fuel common to most marine
steam power plants. The steam atomized oil burners in each boiler trc

designed to provide total combustion with 15% excess air or 15% more
air than is required for complete (stochiometric) combustion of the fir-
ed fuel. This correlated to a normal at-sea condition of three percent
(3%) oxygen content by volume in the flue gases. Throughout the te.st

duration the vessel was operated consistently within the 12, 000 to I i, Tonl

SHP range. The boiler manufacturer consequently confirmed th,it 'his
would equate to approximately 80 to 85% of rated boiler load ,nd thatt p-
eration with 15% excess air could be anticipated. Figure 2.9 presents
as designed performance data for the installed boilers.

Sensor Locations

The location on the boiler at which the analyzers would sarnplc the lu,. 1'
gas was an important consideration. Ideally the best arrangtmitnl %\, uld
allow for all of the analyzers to draw from a single point on the boiler
as close to the point of combustion as possible. liowevcr, v,,riou con-
straints and factors peculiar to the temporary test nature of thc protect
resulted in some compromise of the ideal sampling location. These tre

listed briefly below.

The eight (8) analyzers to be tested, some ext ractive and

some in-situ, could not physically sample from a single
point on the boiler and function properly.

2I
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FIGURE 2.9
TEST BOILER DESIGN PERFORMANCE DATA
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The final number of analyzers tested (8) required that both

boilers be employed due to physical space requirements for
each analyzer.

Installation of the sensors for each analyzer as close to the

furnace as possible would require penetration of first the
outer casing, insulation and perhaps even reconfiguration

of tubes in the boiler side walls surrounding the furnace.
This would have been time consuming and expensive and

was deemed unacceptable, due to the temporary nature of
the installation and its potential difficulties, by the operator.

The final locations selected on each boiler for sensor installation were

in the single cased uptakes just above the economizers. This location
was well within the installation recommendations of each analyzer man-
ufacturer and allowed for ease of access for installation, service and
monitoring. In addition, they would also be installed at a level in the

engine room that enhanced and optimized the at-sea test and evaluation
phase's continuous data recording system configuration while offering
minimal interference with the normal day-to-day boiler operating and
maintenance requirements. These locations were also approved by
the operator. The above locations were initially considered prelimin-
ary and allowed for the layout and arrangement of the shipboard long-
term automatic data recording system and for identifying additional
installation requirements. Upon final selection of the eight (8) ana-
lyzers ultimately evaluated, these locations were again reviewed and
retained as final sensor sampling points.

2.2.2 Test Duration

In order to accomplish the stated objectives of th.- program an at-sea
test and evaluation period of ten (10) months of continuous oper.ation
and data gathering for the eight (8) analyzers evaluated was consider-
ed to be the maximum practically achievable within the scheduled eightecn
(18) month duration of the program. The analyzers were installed and
the at-sea test and evaluation phase of the program conducted almost
(ontinucusly from April, 1980 through January, 1981. Approximately
two (2) weeks of data gathering time were lost during this period due
to temporary layups and shipyard repair periods.

All taisks associated with the program requiring interface with the test
vi.s,.el including initial anatyzer installation, extended at-sea endurance
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testing and da ta gaithe rinit and rip -out a nd v-s sel rtsto rit ioi ar,

pinneYmd and ci rrivd out ofl a no delay to tile ve."Scl basis. At no
tinllk (diring tilt test duration did the accomplishiment of these_ tasks

r(s -M*Anly dis ruption to the. normal power lant ~ieoigrouine or
pLikc -,,hat could be eons ide red an unrea sono blc burden on the, ope rat -

ng c re w in t ermns of additional work load.

2. 2. 1Data Requirements and Evaluation Criteria

V, Ltlt'd in the' introduction, the nature of tile ;it -seo:, tes-t atnd tk

I 1'IlI )ti theciglit (8) commcrcijally available zircon iumn oNide ox vge n
iiilv~r~vas that of a long-term endurance- run. inite~nt )f tlis -

"ldiuat ion wVas to ide ntify and document the st rt. ngtht, and \vteakric s
14 eAA . te 1 in a ll me as it ope rated in a typical s hipboa rd eniiroflilft.

'I'l( do.0ti types required for this evaluation ;ire de se r ibt.-d belt iv.

22. 1. 1 Quantitative Data

(I) Continuous Automatic Data Recording throughout the a-t-

sea test period. The oxygen reading displayed by tch

unit was logged automnatically and continuously by mewans
of interface with a strip chart recorder.

The two (2) strip chart recorders w,,ere e~quipped wvith four,

(4) current modules and pen servos each. All of th t.-~ M,-

lyze rs' output signals (% 02 s ignalIs)' from the( port ho i r

were recorded on one strip chart and four ouLtp-uts, Of tllh

analyzers in the starboard boiler were recorded on the

other strip chart. The individual channels of each st rip

chart recorder were calibrated for a 0J-100"0 full scale

travel, left to right, for a 4-20 ma signal. The- rho ct spt -(I
for each recorder was set at four (4) cm- pe-r hour- The (
strip chart pen servos were protected froin nyc r I r,itcl by
in in i-bce a k rs whic h would limit pc n .!Ien n Illh

extreme ends of the scale, Signal print overlay wvas re -

duced by stacking the print pens at a I irm offset h(A\twetI

pens. Different colored print pens \reused in ech
channel of the recorders for ease in identifying each'l un1it '-

track. The strip chart recorders were housed ini a s icek -

iaily modified NEMA -4 utility e nelos u c. The door of the

enclosure was fitted with windows, so that v isuoil ins pee-

tions could be made. The, enclosures wecrt hlcked 1to r tilt,

duration of the test, except for the ofevili pope r an1d



pens. Figure 2. 10 presents a schematic of &iri,, and in-
terface requirements for the continuous automat ic dati
logging system.

(2) Manually Logged Data. Manually logged data req.irements
were developed consistent with the operator's desire to place
as small an additional labor burden as possible on ship's en-

gineering force. The data to be recorded manually consisted
mostly of boiler performance data. This information wkas felt

to be necessary in order to differentiate between changes or
drifts in continuously recorded analyze'r % 0, readings that
could result from analyzer component filures or pro)lcms
and changes in recorded 0, levels resulting from suc'h facto rs i,-
increase or reduction in boiler steaming load or forced fan
speed or inlet damper position. In addition, the 0 2 indic it-

ed on each analyzer was also logged. This information was
recorded daily at noon. The log sheet developed and employud

is illustrated in Figure 2. 11.

The responsibility for data logging and monitoring and support

of the test apparatus and system (i.e., renewing strip chart
recorder paper and pens) was assigned to the Chief Engineer
who inturn delegated these duties under his clcse supervision
and scrutiny to the- U_ S. Merchant Marine Academy Encinc

Cadet assigned to the vessel throughout the test pcreid.

(3) Service Files. A service file was maintained by the c ontrattr
for each analyzer which contained a detailed record of all id-

justments, failure analyses, part renewals, technic ,t! st myic'

fees and associated information from receipt of the nelyz. rs

through the test period up until rip-out and termination of the
program. All service oriented tasks associated with rtquirtd
repairs to each analyzer were performed only by authorized

factory or service representatives.

(4) Calibration Check Records. Each analyzer was inanufacturt'd
with a means for calibration checking and recalibrating, if re.-

quired. The calibration of c.,ch machine w<s che'cke'd perio-
dically throughout the at-sea test and eva luation period to L'S-
tablish any trends of calibration shift for each machinc wOhile
working in a typical shipboard envirmonient. R(calihrat ion,

when required, was to be performed by authorized factory (or
service representatives.

The oxygen analyzers were calibration -h'( ke(l it thc lotlow%-

ing times.
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1);i u

Ship Data 1.or Sheet
Voyage No.

DAILY LOG

1) Red Analyzer % 02 Comments:

2) Green Analyzer % 02

3) Orange Analyzer 51 02

4) Blue Analyzer 56 02

5) Gold Analyzer % 02

6) White Analyzer ,/o 02

7) Black Analyzer % 02

8) Yellow Analyzer % 0,

9) Port Boiler hBurners Lit Tubes Blowr. 1r.

10) Stbd. Boiler IlBurners Lit Tubes tilovr lir-.

11) Fnpvine Room Operations: (Lop times in each rnode

Underway Hrs. Manueverinn 1-i r s. I'or? I ir!

12) Enpine Room Temp. P Console °F.

13) Engine Room Temp. @ Uptakes OF.

14) Air 'Temp. to burners Port OF. Stbd .

lb) Uptake 'emp. Port _F. Stbd Y_".

iW Windbux Press Port "H 2 0 Stbd 111 0

17) Furnace Press Port .1420 Stbd "l-12 0

18) Economizer Outlet Press Port "H0 Sbd "li 20

FIGURE 2.11
SAMPLE LOG SHEET FOR MANUALLY

LOGGED DATA



!

At factory prior to shipment

Initial shipboard (at installation) start-up

End of first voyage

End of second voyage

End of third voyage (prior to rip-out)

In all cases the 2 and 3% oxygen in nitrogen background cali-

bration gas were used to check the zero and the 10, 15 and
20. 9% (air) were used to check span. The long-term drift
was recorded as a function of the change from start-up cali-

bration check readings. Calibration check consistency was
enhanced by utilizing the same bottles of calibration gases
throughout the test. Manufacturer's directions were followed
judiciously with regard to calibration gas flow rates, pressure,
etc. , so that the most accurate calibration check rcadings

were obtained.

Generally, the in-situ type analyzers were equipped with a

more complete calibration sub-system that made calibration

checking quite simple and fast. The extraction type analyz-
ers additionally required more support systems such as ,x-
ternal tubing, pressure reducers, valving and flow regulators

that made calibration of these units in some instances very
cumbersome. Figures 2. 12 and 2. 13 present typical calibra-
tion arrangements for in-situ and extractive type analyzers.

(5) Timed Tests. As additional comparative data various timed

responses were recorded for each analyzer after initial in-
stallation and prior to rip-out after completion of the ten (10)
month at-sea endurance testing.

Warm-Up: The length of time a unit required to obtt in ;
final steady state value from a cold start-up condition.

Response Time: The length of time a unit required to reach

90% of the final steady state value after a step change in (on-
centration of a known quantity (calibration gas) is imtlr-
duced.

(6) Wet Chemical Readings. Oxygen readings utilizing an orsat
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FIGURE 2.12
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FIGURE 2.13
A TYPICAL CALIBRATION ARRANGEMENT

FOR AN EXTRACTIVE ANALYZER
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system were taken once daily during the evaluation by the

ship's operating personnel and recorded as supplementary

data.

2. 2. 3. 2 Qualitative Data

Throughout the course of the program numerous observations of a qual-

itative nature were made by contractor, shipping company shore staff
and shipboard operating personnel concerning various aspects, features
and drawbacks associated with each analyzer. These comments were
recorded on and/or obtained from such sources as the daily log sheets

for manually logged data, voyage letters, during informal crew debrief-

ings which were held at the end of each voyage during the at-sea endur-
ance testing and from repair and service reports. A formal questionn-

aire was also developed (see Appendix A) that provided a large body of

information from the shipping company's shore staff and shipboard op-
erating crew concerning their preferences and dislikes for tile various

features associated with each analyzer. While this information in some
instances tended to be subjective in nature it nonetheless provided con-

siderable insight when compiling the recommended specification for a
marininized zirconium oxide based contintuous reading oxygen analyzer.

The following is a partial listing of typical topics and items which were

qualitatively addressed, analyzed and scrutinized.

Installation requirements

Support requirements (power, air, etc.

East- of operation

Calibration requirenwnt and pr, tdurs

Troublcshooting gu:deo-/ s,. diign,ist t,,tur

Quality, usefulness and ,vast' .)I intt'r 1 rttit )n ()f ()pt'r-ting/

instruction manuals

Spare parts requirements

' Quality of piping, wiring ind printed circuit hoard (PCB)

schematics

Completeness of analyzer as shipped ft)r installation



Display, alarm, set point, etc. , features

2. 2. 4 Test Standards

The standard selected for periodic checks of changes in analyzer cali-

bration was calibration gas. The calibration gases were mixtures of

a known quantity oxygen in a background of inert nitrogen. These

gases were provided and certified by a specialty gas company. Each

calibration gas standard had an analytical accuracy guaranteed to with-

in + 27 of the certified oxygen concentration. Concentrati t, tcd

for the program were:

2. 0% oxygen; balance nitrogen

3. 0116 oxygen; balance nitrogen

10. 0% oxygen; balance nitrogen

15. 3% oxygen; balance nitrogen

2. 2. 5 Maintenance and Repair Guidelines

Because of a general lack of familiarity that the typical shipboard op-

erating crews were expected to have with the design, operation anu
maintenance and repair aspects of typical zirconium oxide based oxy-
gen analyzers, it was decided that all required maintenance and repair

actions resulting from a failure or malfunction of the analyzers during

the at-sea endurance testing phase were to be conducted by authorized

factory or service representatives, only. In addition, it \was felt tlht

this decision also ensured that no analyzer's performance during the

test would be affected or prejudiced by imprudent or incorrect inainte-

nance or repair procedures carried out by any personnel, including

contractor personnel, who were not completely familiar and qualifie(d

to perform the required repair actions. Based on this approach, a
machine that failed at-sea during one of the three voyages that Coin -

prised the endurance test period was left in that condition until return

of the vessel to the U. S. Gulf Coast where it was restored to opera-

tion by an authorized manufacturers representative under the close
supervision of contractor and operator program personnel. Further,

to assure than no unauthorized tampering of the analyzer electronics

would occur during the at-sea endurance testing, each unit was seltl-

ed at the time of initial start-up and calibration checking by trained

and authorized service representatives and subsequently Oh r'-ifter iii
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each occasion when repairs due to failure were required. The Chief
Engineer on the vessel witnessed the sealing of each unit. Appendix
B contains a copy of the initial certification letter from the Chief En-

ginee r.

While this decision precluded the shipboard operating crew from per-
forming any analyzer internal electronics maintenance and repair,

they did perform certain routine maintenance actions such as blowdown
of asperator and/or reference air supply filters and moisture extrac-

tors and air pressure regulator pressure setting and adjustment. These
tasks were carried out primarily by the Chief Engineer and the Engine
Cadet.

2. 2. 6 Evaluation Criteria

The eight (8) commercially available oxygen analyzers selected for the

at-sea endurance test phase were evaluated on a quantitative and quali-
tative basis employing the criteria listed and defined (as they pertained
to this specific program) below. These criteria were applied to each

analyzer on an individual basis and were not intended for use as a direct

comparative basis for analyzer performance, one versus the others.
Utilizing these factors and the test data associated with each one, a com-

posite of optimum features for a marinized version of a zirconium oxide
based oxygen analyzer was developed resulting in the production of a
recommended specification for these devices.

In-Service Performance: The in-service performance charac-

teristics and criteria as determined for this program consisted

of the following:

(I) Ability to operate continuously

(2) Ability to operate unattended

(i) Resp, nse and sensitivity to changes in the sampled gils

con( entration

(4) Ability to produce accuraite, stable rcadings

Repcitability: The closeness with which an analyzer was ablc

to produce the same indication of the meatsured variable (% oxy -
gen content) under steady state conditions on a continuculis or

rcpetative basis.



Calibration and Calibration Requirements: The chc( king oft an, -
lyzer output throughout its operating range by intr(Jdlcing known
and certified values (calibration gas) of the incasurt. d v, ria bl t ,

dCternine the error (and required corrctiun) %khilt. ktt'pntog 1l1
other process variables constant and the required Ir,.qut-ii y )I

and complexity involved in calibration checking and recdI ibr;,tion.

Maintainability: The frequency and complexity of routine naiitc-

nancc actions required to b. perforned to keep an analyzer o p-
erating at its optimum level of performance. In addition, UndL. r

this category support and installation requir-ments includinlP lec-
trical power, control (compressed) air, auxiliary steam o)r cool -

ing water and sootblowing asperator or rcfcre.nce air loop pr)ct(-

tive provisions were also considered.

Repairability: The complexity, difficulty and time ,rCquired to1 per-

form repairs associated with a random failure of a unit as, dtt.-
mined from actual failures during the endurance tcst and/or a , a

result of a detailed review of such features as analyzcr dcs ign, in-
struction manuals, troubleshooting guidelines, systmin schematik
and if provided, self diagnostic features.

Environmental Influences: The ability of an analyzer to function
in the more severe marine environment as described previously

in Section 2. 2. 1.

2. 3 Technical Approach

The technical approach taken to successfully accomplish the stated ob-

jectives of the program was that of a time phased program consisting
of five (5) discrete program tasks. Figure 2. 14 presents the chrono-

logical organization of each project task and sub-task. The followingi
description of the technical approach taken is divided into three (3) dis-

tinct categories and is described in the following paragraphs- t

2. 3. 1 Analyzer Selection

Thc final selection and procurement of the ( ight (8) oxyg en1 (0 ) in, -

lyze rs tested was preceded by a thorough survey of manuf,-clrCcr. 'i

oxygen analyzers of all sensor types and applications. Buy,'r g tih

product registers, and numerous periodicals were reviwcd to identify
Manufacturers of oxygen analyzing equipment. Two (2) series of ques-
tionnaires were mailed to all prospective suppliers. Many firms wecrc

i 2-2
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i~.csinwas mIa(c to us all eight of the re-maining ;incilyzk.si th.

on achof heeight ()analyzers which weQdetermined to I). suitableh
for at -sca testing and evaluation, and their selection Wa,,s unifm,)liA ly
actrccd up)on.

V he (celoprncnt of test methodology, requireme(,nts and cri te ri d(_0 -
ribecI previously in Section 2. 2 was conducted sirnultintasl y 1by

the cont racto r with the analyzer selection task. This wVork Wa Saisi

recviewetd and approved by cognizant Gove rnment and pe rita r prograni
p1 Fs I ti l .

2. 2 AnalyVzer Procurement aInd Installation

AU., r tinil rve and selection of the analyzers as described in thek
pr cui sctinthe( eight (8) Units, Wecre ordered by the contractor

in rnid-Oc tolber. 1lq71. DelIi\'e riy fromn date or order placement rango1

I1,r1111ix (6i) to to n (10)eks The units Wvere shipped fromi the foe-
tory t,) tl- (-)it r;t( tar's facility for sanitation. The intent of this ac-
I ion wi s to rcrn,\,( i-ll poa 51 s ii mans of manufacturer identification
fruin the- inaly/.ers, int iobn books and manuals and other related
imitt-rial so as to put the t-c test and evaluation on ;t generic b~asis
and to p~revent where ye ~r p~~hethe compa rison of indiv'idual anailyz -

emIs on t brand namet has tis.

As ,ach unit was rece (ivetd it vas aissigned a color code afte-r aill tI madeL
ni ni. s marikings , logos, mode 1 numbers and ins i gnia that woe I d U!i-

i'le the idlent ity of the -irl-ei 11,1(1tum ins. had hi I reIH''vc0

Thc. eight (8) colors Used to identify the diffe rent mac(hines \ve re:

Gold Black

Red White

l3 1U C G reen

Yellow" Orange

The units were carefully repacked in their original shipping cairtons
(shipping ca rtons were also "sanitized 1 of trade namencs and miode n nm-
be rs ), along with two copies of the inst ruct ion manualis. Not 1 atna -

lyze r manufacturers provided fuflly equipped analyzers. A\t this: t muC
missing accessories were procured and packed for shipment with the
unit s. The units were then shipped to the opera torts aina staI\-lt

2. -



installation onboard the test vessel.

During this sanitation period a detailed review of the analyzers as ship-

ped for completeness (e. g. , some analyzers were not equipped " ith a

means for displaying sensed oxygen values or with ancilliary compon-

ents such as air pressure regulators) and for completeness, quality

and cla rity of installation, operation and troubleshooting instructions

and schematics was conducted. Their conformity to applicable regu-

lations and standards including American Bureau of Shipping (ABS),
and U. S. Coast Guard (USCG) rules and regulations and the Institute
of Electrical and Electronic Engineers (IEEE) Standard 45 were also

determined at this time.

The installation of the analyzers (predicated on the earliest availability
of the test vessel) onboard the S. S. STELLA LYKES took place in March
19 80. The installation was conducted under the continuous supervision

of contractor and operator program personnel, in accordance \v ith the

General Installation Specification (see Appendix C). This work took
approximately one week to complete and was started in New Orleans

and completed in Houston. Figures 2. 16, 2. 17, 2. 18 and 2. 19 prest.nt

typical layout diagrams, electrical one lines and air piping schematic s

used to direct the installation. Manufacturer's recommendations and
standards were precisely followed throughout the installation. [he install.-

tion went smoothly for the most part. Installation difficult ie. result inc

from peculiarities in individual analyzers were noted for inchl.i n In

the analysis of test data and results.

The initial start-up of the oxygen analyzers was felt to be critic<al k , 11',

test results. To insure the fairness to all manufacturers and to 0)t1iin

higher confidence in the test results, manufacturers technical r, pr,.-

sentatives were requested to start and certify that their systems 1,!d

bteen correctly wired, plumbed, and mounted in accordance \ ih tht. I, -

commended procedures. The units were started and verified i, It buston.

Lakes Charles, Port Arthur and New Orleans during an extended , tkst-

wise voyage from March 15th through 30th, 1980. The calibration ,,

the units was also checked by the manufacturers' technicians at thi - ,tie.

using the calibration gases supplied by the contractor. All eight (8) un-

its tested called for calibration gas as the proper field check. In iddi-

tion to gas checks, the units were tested electrically, as per individual

instructions. Contractor personnel monitored all work accomiplished

by the technicians and their service reports were retained its ccitritici-

tion of the units' proper installation and start-up. At the coniplh'tion ,t

each start-up and calibration check and installation v. rification, the con -
tro) cabinet was sealed by the vessel's Chief Engineer in the prusen, . )f

Government and .ontractor personnel.

2- 14



I FIGURE 2.16
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FIGURE 2.17
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I FIGURE 2.18
TYPICAL ANALYZER INSTRUMENTATION
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Training of the Chief Engineer and Engine Cadet during this period was
enhanced by their additional exposure to the analyzers as they we.rt, b,-
ing installed and through contact with manufacturers' representativs.
Two sets of instruction books for each analyzer were placed e)nboard for
use primarily in the operation and limited servicing required for each

analyzer. The majority of instruction and training was concerned with
detailing of data recording and test installation service requirements.
Servicing of the test equipment was limited to adjustments and re!pairs

to the external air systems and pressure regulators, the 115 VAC woir-
ing, cleaning of the external surfaces of the components, runcwal of
the continuous data recording system consumables and advanced notili-
cation of operator shoreside and contractor personnel of additional sup-
port requirements such as manufacturer service for units that failed at

sea.

2. 1. 3 At-Sea Endurance Testing

The continuous at-sea endurance testing of the eight (8) selected zirc-

onium oxide based oxygen analyzers ran from April, 1980 through Jan-
uary, 1981. Data was recorded onboard the vessel during all operating

conditions including steady state steaming, maneuvering and in port
via the automatic data logging system and manually by designated ship-
board personnel. In addition, voyage letters updating test progress and
reporting any failures or other difficulties were prepared by the Chie.f

Engineer and forwarded to the contractor via the operator's cogniz, nt
program personnel.

At the termination of each voyage during which the endurance" icstinlg w,,

carried out contractor personnel met the vessel at various U. S. Gull
Coast ports to conduct and or coordinate the following ;etivitics includ-

inf,

-:' Obtain automatically and manually recorded d,it;, for the
Vya ge.

P, rforrn analyze r calibration chlcks.

R plcnish test consumnables such as log ,ife id strip

ch,tri paper and pens.

(;,)ndu t trtining of nwtt (rw iltl . J,, r l niI f lu

pr gr, tn ,,s r,'quircd.

D bri,.f o)pcrating p.rsonncl (,n:ctrnitu !heir p,,) x, r,I



and opinions of analyzer performance during thc pre\iUS

voyage.

Coordinate the availability and supervis.e the repal rs and

service made by authorized service representatiVwe. n tllai-
lyzers that failed or malfunctioned during the preVious \ V-
age.

Update cognizant Government personnel as to progress ti,

date.

Throughout this at-sea test and evaluation period the contractor Screccn-
ed the data collected on the previous test voyage to ensure that it con-
tained all of the information required to obtain the stated program iih-
jectives. This screening also allowed for the addition or deletion of

data types being logged, if required. Finally, this proctess provided
for the identification of developing problems and trends in both the iuto-
matic data logging system and the analyzers, as they occured.

Figures 2.20, 2.21, 2. 22, 2. 23, 2. 24, and 2. 25 highlight various com-
ponents of the continuous automatic data recording and analyzer test in-
stallation onboard the S. S. STELLA LYKES during actual underway op-
erating conditions.



FIGURE 2.20
RACK MOUNTED
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FIGURE 2.21
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FIGURE 2.24
ANALYZER CALIBRATION CONTROL

CABINET ARRANGEMENT

FIGURE 2.25
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. 0 PROGRAM RESULTS

l'he, program results described in this section aire based on pt.r:. 1rm-

,tin ,. crttcri i previously described in Pa ragraph 2. 2. " i lnd ti, q ,,i-

tativt- .n qud ntitativt data obtained during the ten (10) mnrith ,t

tn'11uranCL' tc'sting phase. The at-sea evaluation ran for , t,)ttl ,f 3(iU

days. This total breaks down into 170 days of steady s;,tt it-.Cea -)p-

eration at approximately 60 to 85% of rated boiler lo d, 16 d~. nman-

civering, 104 days in port and 15 days of outage due t,) shipvard ,.:tr

other boiler shutdown periods. 290 operational davs pe r ant i zcr , -

a total of 2320 analyzer test days were available far th, progranm. Of

the total available, 1918 analyzer days of testing \\cre atot, ace rl-

ed due to undcrwvay failures of malfunctions of three ( ) ,tntlyzers.

Table 3. 1 below breaks dovn the total ope rational days k1 a pt r an, -

lyzer basis.

TABLE 3. 1. BREAKDOWN OF TEST DAYS
AVAILABLE PER ANALYZER

Analyzcr Color/Type Boiler Test Days for Which D t t. Wa,

Available,

1. Blue/In-Situ Starboard 2) )

2. Red/ Ext ract ive Sta rboa rd 9

Yellow/ Ext ractive Sta rboa rd 2q

,. Gold/Ext ractive Starboard 127

. Black/In-Situ Port 24-

0- White/In-Situ- Port 9b
E xt ra ct ive

7. Grccn/In-Situ Port 29N

8. Orange/ In-Situ Port 290

TOTAL 1918 Diays

The results obtained are discussed in dctatil in the following pat rtgctph

for each of the evaluative criteria.

l
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A\ll lit th" unit' s l.V~mlumtedC '%" ~ri l n or (. tha 11t1 ..)t1, t r, i t i : ')11 %.ll t
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it III .itt Ir n- s (bl 1uet-, t yno zyz, r ) alIs o alIlIowc ed f orI (u 1 k ; t. - IYl '

chic-kk 01idjuIJUtn~lt Of meALter calibration by thi- opcr tiL 1 nI,

(I(ksjirt -(I. A I I o f thei a nalIyze-rs wer'C17C cipoblA)It' 0 f1) po%'\ iunt!,I flit II1 0

out tl ) ' C onc trit ion. Txo o1 thc(. units furnishcd (g rp

ni )t I) rI (lII a Ill -t l, r o d )rCis pla ying this .,atluc . 1-loi.c ,, i thI

Co rdI-il cont inuouIsly onl thc aiutornat iii strip cha rt r, -co rd.t I- I t Ii.

niilyze r ininufacturcrs %vill provide ai rcad-out iOf", 0) a p It n~

t het hist ic a nai I v zc r- pajc kitge-
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TAB131,E 3. 2: ANALY/.LR RL'SPONSIK-,TI4I'S

AnalyzerAve ragc Rcsponse2 'rimt Quotkd Rspn

G;old 9.6 sceondls (1) (2)
\8AhIite. 5.8 seconds (1) 9sl d

MIc . 1 seconlds (I) 8S~il

Re-d 12 seconds 1 1 vnd s
I lIu ( 12. 1 sceonds 8 sen

Orange 12 .8 seconds i end
Y, Il')ow 1. .2 seconlds (3) 8 ) Stis

(irteken 13. 7 seconds (3) 1 1ve 1
(1) Based on partial dlata due to analyzer failtirc

(2) Not provide-d
(3) Read from teast strip cha rt reeo rce rs

W1 tru-up tinie wats rteordcd for each analIyze- r(LL durig in itia 1sII t i-u11
Ow beginniflg of the at-sea evaluation and just prior to rii-oiit )t tht t( t

ri-tiltation at the end of this period. Start-unD tiTnu is the(, le'ngth Il Tt inie

ivcqiirecl by an analyzer to reaeh a fully np-rational steady sti tidi i

roti a cold eondition. The in-situ deviees w cre, found to It()II - (ms '1- 11)1%
frile i than thek e'xt ractive units. 'I'li s is p )iha blIy (duc in patrt t I h ok1i)-

nh ( r.tI) Iy Ii g h er t ha n a nb ie nt temrnpe ratu r es ma intaitinecd i n thI i ( ,I I h ,It Ir
ttld tilt temiperature stabilization timeIL requireLd for e'xt rtati\' Units dtII

th''-lr location e'xternatl to the uptakes. Tabl I3 i. 3 p restS the L' sl; I.L I1

\\lnitctsts. No significant ditr cinl tIm-se tds\i

lt-m the- initial and final tests.

TABLE 3. 3: AVERAGE ANAIY7.ER WARM-Ul FI F[M-;

Ana~ilyze(r Averagec Wa rm-lip Timec Quote-d Wtrimm- Up 1li11-

BILue 22 minutes El) 11otit v

0 ran tge 26 in inutecs ll 11i11tes'

3cc 11 M inute's 0 Minu)11te.

WI11 ite 15 minue (I til t1 es bl

(j,)Il( 57 in inutecs 1I 001 11fto
Ye, I low 6-1 minute s ill) in i cu

Re(.d 72' m inu tecs 1201) iniii iruut
I I)n mit i i I s ta m t-tip only; not

functioning at thet end of thet test.

I'll rough -out theC at -sea test aind e'vatlation pe rind during idm\ivs-d



state stearming conditions, shipboard operating per soyincl recorded ,

once daily % 02 reading using the non-continuous orsat wet chernical

method (accepted cis a standard for such organizations as the [.KPA and
ASME). Initia' v, this reading \vas intende-d to ),- i test standard for

the actual reading of oxygen concentration in cach boiler uptalke at a

given tinic. These readings we re then to bc compared to test analyzer

values of % 02 as taken from the strip chart data at the same tin-ie (0400)
each day at which the orsat reatdings were recorded. Approximately 100

days of data were extra ctcd and compared during which the boilers Aer(

ope rated at 80 to 85% of their rated capacity. It was determined that for

about 95% of the data reviewed the test analyzers read considerably high-
er than the orsat method. This is shown in Table 1. 4 as average readings
for the analyzers and orsat oxygen concentration in each broiler.

TABLE 3. 4: AVERAGE ANALYZER AND

ORSAT READING COMPARISONS

Analyzer Boile r Average orsat % 0 Average Analyzer l/ 0)

Bluc Starboard 2. 11 3. 24

Red Starboard 2. 11 3. 74

Gold Starboard 2. 11 3. 96
Y-llow Starboard 2. 11 3. 52

Black Port 2. 34 3. 15

Orange Port 2. 34 4. 02

Green Port 2. 34 3. 19
White Port 2. 34 3. 22

The obvious trend in orsat readings being below the analyzer \alues (by

as much as 70%, see Figure 3. 1) was the reverse of what should have

actually occurred. Orsat is a dry sampling technique. Gases removed

from the stack for orsat analysis are filtered and cooled to ar .cnt or
slightly above ambient engine room temperature. This results in conduen-

sation of water vapor, a product of combustion which has been cooled \\ elI

be'low its dew point temperature, to be removed fror the samplc gas fIw

prior to entering the orsat chemical reagent apparatus. The result is a

rciding that can be as high as 8 to 10% above a wet gas reading (decpc ndi11g

on the fuAI type) taken with a device such as a zirconium O)xide, anailyzer.

In the case of this type of analysis wct gas flows across a cell ma intained

at a constant temperature between 1100 and 15000F. At this temperature'

the water vapor stays in vapor form and passes over the cell as part of1

the flue gas. Figure 3. 1 presents the relationship of wet aid dry flue gas

Oxygen analysis to excess air supplied for combustion.
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I These factors along with the absolute values of the orsat % 0) re' idirgs

versus analyze r % 02 readings also made orsat unacceptable is the.
I standard for this evaluation. This is due to the fact that the orsat syste'm

is potentially subject to significant human error in such forms as ope tr-

tion and use of the system, interpretation of rc.ults or fiailures to prop-

erly maintain chemical reitge'nts and filte ring ,ind ()thetr -iIpp)rt systeIn.

The zirconium oxid'" analyzers as tested here elirninatt almost all of
this error source. This possibility is fuirther supporttd by the relative'ly

close grouping of average analyzer % 02 values for cch boiler as pre-

sented previously in Table 3.4. Based on this analysis, accura cy in
terms of correctness of reading versus the true value over the- course of

this at-sea endurance test is felt to be more replrecst.-ntative in the forn

of the calibration drift checks presented later in Paragraph 3. 1.

I FIGURE 3.1

WET vs DRY GAS MEASUREMENT OF

OXYGEN AS AN INDICATOR OF EXCESS AIR
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3. 2 Repeatability

Initially repeatability was felt to be available from analysis of the strip
chart trace recordings of actual boiler flue gas content. Howev. r, to
obtain a true picture of the repeatability of an analyzer, data is required
across the complete ope: ting range of the machine. The at-sea data for
boiler flue gas oxygen conttnt recorded during steady state operation
ranged from about 2. 5% to 4. 5% 02. In port stack gas oxygen content
was maintained from 12% to 15% 0.. Sample traces have been provided

in Figures 3. 2 and 3. 3. This lack of data from prolonged operation at
various oxygen concentrations from . 5 to 20. 9% 02 resulted in the util-
ization of the detailed calibration check data obtained at the end of each
test voyage to calculate a repeatability for each unit which was to repre-
sent the characteristic's average for each machine value over the dura-
tion of the test. The gold unit which failed during all three voyages of
this evaluation was eliminated from repeatability determinations as it
was considered as an essentially new unit after each servicing.

Briefly, readings were taken from the analyzer displays or strip charts
where no other display was provided while flowing 2% 02, 3% 0 2 , 10%
02, 15% 02 calibration gas and air, 20.9% 02 across the cell. This
procedure was then repeated starting with air and working back to 2 02 .

The data for each analyzer was then used to determine repeatability by
calculating the root mean square deviation of the errors recorded for
the ten samples of gas flowed. This calculation is expressed mathemati-
cally below.

Repeatability = × - 2

N

Where: N number of samples ,
X % 02 value of calibration g~is

Xj--actual reading recorded
(X -X)= Indicated Value Less the Tru Vadue

ible 1. 5 presents the ave rage repeatability as a percentage () th reid-

ing (1 each machine as deterrnined over the course of the at-s; (enduir-
.ince ;is well as quoted repeatability where available. Gene r.Ily, rte,it -

;bility of the machines tended to improve as the at-sea t,-st 11nd evalua-
tion progressed. All of the recorded errors we're found itt) be i)n tht hiLh

s ide.
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FIGURE 3.2
TYPICAL % 02 TRACE

RECORDING AT SEA
(STBD BOILER)
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FIGURE 3.3
TYPICAL % 02 TRACE

RECORDING IN PORT
(PORT BOILER)
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TABLE 3. 5

AT-SEA ENDURANCE TESTING
CALCULATED AVERAGE REPEATABILITIESI

Analyzer Test Repeatability Quoted Repeatability

Red + .43% -4 .z

Blue + .53% (4)

Green + .61% (4)

White + .77%(1) (4)

Black + .78%(2) +. o1t

Orange + 1.51% (4)

Yellow + 1.66% (4)

Gold (3) (4)

(1) Based on one voyage.

(2) Based on two voyages.

(3) No data available due to failure
on each voyage.

(4) Not provided.

1l



i. iCalbraionand~ Rccliljration Rcquircint. -

.;alibritioii was checked onl eat h tniIyv.(-r (iring - t 1-up11 111 it tl'

enid of each voyage during the test period utilizing ibm. cmtlibratimii nmm

priVouIsly Iistecl and de-scribed in Section 2 -2. 3. 1. 'lb- use ml *1t-

tie'd Ltalilrat ion gases at various 'u, oxygeni contentW ill inl int rt. i)io1'-

grouind wais Unanimously recommeninded and agrt-ed on by ;ill ,nitlv/,

tnlintzlftIiir5 tis being the, only 1(ccurtm ' 111d1 l~mtmrl!ilt ithmodt

checck calilbr 'tion drift and adIJUSt the- m. iIlitiOji ') .m 11nit, 11 1-((jiir. 1

Tiblit 1. 6 prcsinTtS a compijosite of resuldts tor '.1(i III/ 1'--r 1

aiverage e-rror in pectnt 02 o)verI the ratnge, o (k 1dlj!)1_,Ij(ifllg>I

GenerallMy, 0hC calibration drift of thost unit,, \% iI fuin led cll ii

Ously throughout the- test period tended to %\iroiAith toni.

The complexity involve-d with recalibraiting tn .mn;lyimr I1' 'rr,~ tI

Obser Ived d rift va ried great ly. Gene ral ly, tilt- pi'- 1 1 .ulit 11

chccking a nd recLalIib)rat ion, bY des ign, wa is i oe r opc iteui 1 (iin

s itu analyzers than for ext ractive a1nalyZe rs.

This is due to the fact that the physical place-ment o)f theL iir. OtMlil1 i'X-

idLe cell in the flue required more e'xtensive calibrittion it , 'rim

than (lid the extractive analyze rs. Thei in-situ anlye s(botgi-n.

black, orange, wht)reiuirecl reference gas and- calbrut- " ,' Hit

del ivi red to either s ide of the, cell in %tcry speci1 ti livit rI -

mnufactttturers of the in-situL 11aCbinlcS addr,"ssed( tl-~ 11, ,i (J iJ1)OIl 11111

ca Ilbratilon aICCVesoirics as sta ndilard ite ms. All )I Ill 'k. 11- t I 1'A

Cequippmcl with calibration gats flowv mete rs, vol 111.ad fitt ini!' I 1" .1 -

ibrat ion panel was the most sophisticatecd aIpprom( Ii pro' Itd (I the( tlv\p)

eas[ iest to operate. Typically, the Iad ato t k~'~i. \'i I't n i(Il

onl tither at pantel or in aj calbinet so thatt the- reim'r rik ne ild cm 1ib ~t in

gases -ould] be pe rtnantAtly connected and aot ivaitm~l by s iinply open11icI

p)(ttoc)k or turning a valve, On(, calibrattion pmnllc (blue nd,.r
electronically operated with control circuitry and ii-ontd\hm
for sp~an and Zero checks. All of the anatlyzers, thatl vct e qu~liiljwtd 'A ith

calibration panels could have' the pantls llounttl 1-rmote-ly f r~l OIl itei
sor (uptake area) and closer to the control panct (consolkt 1reml) \"hm. Il

wo~uld be prefe rable from an tope rationial standpoint.

I'le extraictivc analyzers (red, gold, yello(w) i(quired thait athbrti,)jm

gt[l s )be led to the' si 1150r cailib rat ion pmrt r, wh il i t oIi r d, i Ht I I

wals (.X[)05(CI to) a1trlosplhmr, (;iir), Non(-t )f- the ext t.ii tive- imit- iiiw11

idluipfwd with flow mecters. slaim v1lve's, tubing, r ulimulit'I

e-tc-., required to properly mcter the a librtiomn gas ;iormt Ih il.

I lowevi r, flow rates and cailib raition gi sL'' is yirC spec ited .I till-

o -
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I g TABLE 3.6

ANALYZER CALIBRATION DRIFT

I CHECK RESULTS

Analyzer Average Readings, A ± % 0, Average Quotk~d

Color Start-Up Voyage 1 Voyage 2 Voyage 3 For Test D1e)ign

3/30/80 6/10/80 9/18/80 1/26/81

Red 0 + .7 . 6 + .2 . 375 . I/m ,.

Blue 0+ .6 + . 4 . .43

Green 0 + 1.2 + .4 . .421 (;)

Orange 0 + 3.0 + .5 ,0

YelHow 0 1 2.7 4 . 5 1. 3 I. I '

lack 0 + . I + I. I - - - - - -

White 0 - 1.2 (1) (1) -)

Go()ld 0 (1) (1) (1) - ;

I) Analyzers failed during the voyage and were repaired and

restored to their start-up condition prior to the beginning
of the next voyage.

(2) Long-term calibration drift.

() Not available.

1
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r, ,a tc eL it tit rtc cju i redc t hat theik calIib) rat ion ga s he s tit rt,,( ed t t fie i na I y -

'/.e r st c i ) r (upta ke a rca ) a nd that the ad just tn e nt bew iadeI( -, c Vt ra I

levels below at the control cabinet.

None ()I the analyzers evaluated were supplied wvith calilbrtitifl gats by

theQ madnu fact ur r s. These we re obta me ci se~parately f rtm ni a pet iaIt y
gas company for the at - s a test and e valuation. Onlce Set Up,clibr-
ion checking of the analyzers was felt to be well with in the Ca -pability

kd aI typica Shipboard ope-rating crew. Howe'ver, the' Cotnh)Itkxit y assaci -
a ted with the adjustment of calIib rat ion as dcte rmvined by ob~te rV ing s

vic t technicians and a re-view% and anal ys is of instructions outlIin tal in the-

inst ruc tion mianualIs provided, var iCd greatly.

'Ihei calibration procedures provide.d ftor all of the- tanalyzcrs with the-
klxcution of the blue machine reqlui red m-anualI re-adings of) t-Ie ct nrI(

comipone nts and c ircuit ry with in the control cabinet. Simplistically,
he'sk adjustmeInts eente red on recal ibration Of the me1te r o)r dis pla v ir -

t'Lilt and tHe ZirCOliUn-I oXideL cell. The mneter calibration al owed har
;idjustnitrnt o)f tl1htrnettr to read the value of the t-alib rat ion gas flowe,(d.
Depe-nding on the analyzer, adjustments for zero and span \%t-recr~~d

The black (in-situ) and white (in-situ With an- ilSpcrtrI loop)I) mnalvz,-rs
providt.d dials on the control cabinets doors which a1llo\\ d for] melter

c 1 rt ul id luStint nt Wit hout Opening the control cabine-t. Ti ht rce ma ilodL I-,
e xcluiding the blue a na ly ztr, required adjustment via ptn nler

rnout e il tn Printctd Ci1rc uit Boards ( PC13's iriside the cant nrabne

Beeaustc ,(tvn (7) ()f the tight (8) analyzers measured cel1 aotpiit o

while1 hll)dinlg Cell temtperature constant, catlibration clittkinL4 also invji-

veil elieeking cell1 output Voltage Versus ttrnpe rature. This; ii- teanlih
('d Utilizing a digital1 Volt/Oh1m Meter (VOM) to readI~ cell ootnDii in mlilki-
Volt.'~ il flowlling tl certified calibration gas through the hot cell1 *id

iorrtparing the meiasured voltage to a cell output vo)ltaige versus ae

t'()lt-tittrat ion cuLrve- for a fixed temipt raturu. Thewse (i vsa estp I i

by the( vendor()I. 'Ihe temnperature, compensating c ircuitry 1-, idju.-ttd tiil

,I Iilli-volt re-ading matching that of the milli-volts, showni onl the aibi

tioti curve is obtained. l'ssentially thlese tdjUStlTILt-ri' ()I l()Iwl Hti
cell temnpt'rAture to obtain the desired niilhi-volt output signal. Il (stc

jut~A.CI( tn tswer Oso r'nad e in the control cabinets on PC B mintotd 1)pI tin-

tin in t 'rS.

The hluc analyzer had as a standard feaitu-re automaltic ' lba o e

ftures lor mtiittr zero anid span. 'Ihc rercluirceet for cte ki.4 md1( idjtic-l -

rIlg cekll o)utputs dIue to (cll heaiter ternpe rature t li~inges wai, otitires my

as,' the tittf's eetronie- coinpotentry co)ntinutously solve-d fat 1 IItempjwr

'WI ' As well1 as o)xygeni cmitint utilizing the- Ne rntis '1ai n



Ro-cal ib ration procedures for all but two (2) of thc unit,, is p re ertt!

in the inst ruction manuals were felt to be within thec capabil itv ut tilt

ship's operating crew, after on-s ite training and indoct rinaltijun bytI factory s ervice representative. The, recal1ibrit ion a nd adjti stnweri pr -

cedures as presented in the green and yellow analyzer instruetioun into-
uals \Ve m felt to be written in a very complex rnlinnc r and ,kuti I)( (! it -

ficu It for sh ipboa rd personnel to inte rp ret and lt il i/ti. fls i t \e rv
important cunside ration due to the fact thatt, as \vith prtunIme-
bit ity, the capability to adjust and calibrate these units onhouird ri-
than depending on shoreside service, is an libsolute rcqojirtiuutrit lt-
n-iar ine aplicat ion.

3. 4 Maintainability

A A~id(- range- of factors were evaluated as part of maint a nt b iiit v orl~lt cI-

the general a reas of installation and ope rational rcq(uirCnIIentS ( 4U~lltV

and comnpleteness of instruction manuals and sche-duled rnainte nt ncr I-
quiremnrts for each unit.

1. 4. 1 Installation and Operational Requirements

Sensor Mounting Brackets: Three ( 3) (,white, yellow,%, g~old) out ()I thlt
eight (8) analyzer manufacturers delivered their on lits vi t Jo tt i'I

mount ing brackets. Of the three units without b re k t s , uric( r, I -

quircd threaded pipe, nipples and unions. Thel yec oA 11,tli I mtV r r e.1 (
a th rUe -inch pipe flange. The pipe fittings rc-qtiired- for these- bmrte ket1
would most likely be found aboard ship. The white analyzecr shipped %\ itL -

out a bra cket requi red a shop fabricated s pool piCCCe, special I lt lL
ai ga sket for the main in-situ probe and another return pipe a a emibi v 1 'I,
the sample flue gas return to the stack. This aiilyzc r serisu ~r \N&as thet

most difficult of all sensors to mount because uf, the s~peciaIlret.ri'i

return as se mnl y and the require ment for t wo s t ac k penect rat ioli>

(,ontrol Ctibinet Enclosures: The control cabiricts house-d tht celtII miT,

printed cireuit ca rds , meters and wiring. One (1I) (blue, ) )I t he etcih t

mr~iactr~' control cabinets was a non-accepjtalble s(till -prlt It (I

treuuewith exposed electrical terminas oni tilt, hick th)Iel( ttiriwt.
TIhe taceptable enclosure for the control cabinet was i\tt rp u t d
fine-d in tjip 45 Recommrendedl Prac(tice fur IKAe( It 1 'tI eI-t1IIllt , 1

SltipIboa rd''. N VMA 4 eneclosu res we ri, prne tr red lot til r\t i'. a.

Tlwt Mlanufacturt-rs, wiose, controtl tah1inets were NI, ,MA .4 h~I-a -. tdI ~ItotV % inclow inI Ht doo)r t tf the- cai' nets5 i~ n it 1( vi, .% il (I t v ''t i l



oXygen nuer. WA'it hout a w indo, t hne dou r v, o-u I d ha vi: beeni r, peoate (I -

1 y ''dogged and unclog g cc to re ad t he ni etc r It is coo re l ikelIy t hatI t h

dloo r would have be en lo ft aja r which wouldC make the e nc losu re, AtI best,

a gene ral purpose enclosure. WAindow, kits were purchased and installed

in the doo0rs of these two cont rol cabIinets in orderi that the doors couldi

beo sealed shut durinig the test while allowing the oxygen Meter readout

to be viewved.

,aible Requirements: The cabling required by' the various anawlyze r-

('il t grouped in two categories; powver an nceont ro / sig naL T he p twer,

And in soni1C instances the conttrol cables, arc not supplied as part Wa

ft(e stindi i-c analyzer package. The ship is eXpvcteul to supply a"eep-

table grades of cables for this purpose. The power cable used for a~ll

armno red) power and lighting cable. This cable is genera 11 found

a boa rd ship. SignalIs froni the c ontro-l cabinets to s trip ( ha rt r co rde r s

and on two analyzers (blue, black) from the temipe ratu re control moule~c

to co(nt rol cabinets, we re conducted by TT RSA- 1 (oneC tV isted Shielded

pair of signal conductors, armnored). This type o1- cable is no0t eONtcIti-

ly found aboard ship and would have to be orde red from shores We.

The control cable, unlike the power or signal cale, is a unique t~n-

bimotion of condlucto rs that connect the sensor to the c ontnr cabinct c ir -

cuitry. This cable is a non-stock itemn and must be eiust(Ji liiwi-ul in

a ccordanc e with the manufactureris spec ificat ions. 1The a ttitudc I mc :s

sup~plying this vital piece of equipment by the manufacturers \ , 1 1b

pre fer re a pproach is to have the mnanufactu re r Supply thIiis contrml
ais st andcard equ ipmei'nt. As standard equipment the co rd , nn "it

mot~lded quick disconnect end at the sensor to lfcilitawt aisr tiasin

bly for repairs to) the sensor. This was lelt to he the best appnwcth far

in-s itoi-sensors as they had to be coitipletcly remoJ(Ve'd front tilt Llttkt t,)

a ffect ri-pairs. At the control end, these vendoir supplie-d tnwt rd orl

Ai te V. ith 11111i11)e reod \, i rt tags t o ma 1 I i ho k -up e i t ti i t *

Fotur (-I)(blael., whlite, ortange and green) otf tilt' eight1 (8) c~I''-~n

eq~uippedl with satisfactory control cables that hid qutk, "rine Ls. It 1Ke

seinso r i id and numbered c tags at the cotntrtol cit b mt end.

Of the remning four analyzers, twit (blue, gttl(I) \\t me -litnitcI il 01';I

a,t nt rol cable, onec (r-ed), was equipped with 1Vl~~t)~ttt~ irtlt

thet last (yeiltw) wvas equipped with four-fee't oft cthil( I lb nio- ptIJ -

i1h)lt cable WASi at laid-up cable of' thet correct Inuclti-cnducttr-, hIl 01t~,

( Whh ,'i otrlnj t sift ttv- invl. lTo mnake this cabtle Act tjtt I~

\t s p I Ic h(I th rotigh s pira I wiiimnc rniita IlIjc tin(-iit-eIi flex'N-hIt ' iI w Iti h A 10i-!

c vt, r &n.



Fl khe analyzer wvith four feet of control calel. \v~is inkint ta) liam tlio )i
t -mIs next to the sensor and as such the control catbinett cou~lld nt be)(

leiclttely' locaited. A junction box and forty-fivc tent at a krori .lt ri

tilhle \Was I(dcd to thc unit in order to moiunt tn- con-tro l i~lmi-t r-( -

ut1l 'A1 .kth the scen other units. In the- ease ot thkn aim l / lit

\vith,)it the- required specialty cable, the- ape ritar ,.,,)(1 X;)(- ctn in
0 ]rdc r alid assemnble up to four diffe, rent types )f kcaIbl',. 'Il1, Ur I'

, i~ thet ii hve, to) be pulledl through prot-ctLive_ fleX -t ubili lQ 11 (1PI with spec itl end fittings. Tle proc:ess n)f inaking up~ theset cani-t rd) o Ibn
wast- tine- k onsuining and expensive. Non - sta n(La rd v, ire- sit- 1/.s nd van>-

aire nat alwvays available in short lengths. atrid riiiriurn purm-t.

100 to 500 fee-t may be necessary. The' con~trol caleI is will1 \kolrth u

ing as an accessory from the analyzer manufacturer rather th;1 n to, 1)
made -up b~y an electrnc ian in the field.

The imnpo mtanec eOf installing the c or rect control ca- ble ca nnot be uo, r -
s tre s s ed. The cable is the link between the se.nsor and elect ronu cii

trmls which car ries the cell voltage (02 s igna I, sen so r hea te r rn
and hecater temperature signal. Many Of theseC cablesreueshldn
and prcise sizing. The cable fromi the se-nsor to the contro)l calbinet.
in most eases, should not be ove r 50 feet in le~ngth because. resi-;stance"k'
of the conductors may start to affect analyzer cailibration. ihe- units,
eqJuipp-ed with control cables were factory calibr-ated wVitlh their(vi
thus insuring a better chanIce of being in calibraition onice (t Id saI.

Units cquipn:ed with pre -made -up control cables spec ified thatt !h ,iledn
if too) long, should not be shortened and that co)ilineg up1 the 'ccs'
retain the factory calibration of the sys temn.

Air Pressure Regulators: Air pressure regulators er rt uiir, d r

all of the analyzers for the reduction of ship control 'ill ( I I (I pl')
the pressure required by the anailyzer for ispcratio)n in ,i/a-mli

lpu posc s. Six (6) of the eight (8 ) anal1yze rs c:am int witITh hiLh (1 1i I it i
prssr regulators and fittings. The tw.%o (gold, wvhilte) tht! dIid !j
provided with standard adju.at;4ble air prcssu ma meLiltar> i I F r;)F,

sure regulator is a required inexpenlsive. itemi thait llimuld c anil i ni d-

tr mc quipmeint with all units.

I ~. 4. 2 Inst ruct ion Ma nuls

The instruction manual provided wvith cacli unit is, a \, r\ iiiij) iit_ , iIOf* e-very analyzer. The. manual shouldh, as- at 1ililinim. mIt .11 k-\ I it-
staill, opt mate and eal ibrat e the anawlyze-r. In1 i( in' 11 tnl
fuIrnishcd accomplished this. The. sec.tions )l I ii jitri ii ,T T.I i i_1 T,

1iltimliately will bko of the greaitest ir11J)ortitlc ild ~I II I t o i In 1 ) r
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tfi h tiwnt(I in ti'iii. ot the pinteici tiF~lit h'aIji Ch is mu '1  l -Ar,,tii. I\ iii11h ii
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i.I 4. Scheduled Ma inte-nonce Rc-quirert1ints,

Ihel [wriodiic minilit~n' required '.is felt to be- iinimjo. I-j ir jilI cr-, onke jfstalleui. Thj- cunsisted mitiini' 0 ktcepirig -ir I. I",

sotot and (iijfljf nioisturc( ext ractor fitters on the- eit rol oil h ilt -

1)11.2( tor tspcraitioni and cdlibr;ition, doiily. Ihe i5i,tci itfld \khllt Ill i

;I-; il-c ribed pre-viously providecd control cabinet diails tbr Hidll I '111,

cic tilt c-ibr j i)o i01 ) Hi pe -rilla nt1 MIr-tA Ilct ionl wAith I bt it-l 1-1 1

loopi. Yli--se unlits \\olld ailluv, fo~r it (Itil\ citck ot nIt. ,!i-

Th bI I a ) n cI ly'ie r had aiutoma~itic teat urcrt sand t he't t )LI ai)d p

X ilIlI. (CIenral. cell OuLI'ut shoikuld 1w cllii)r,ttilii kleck, ll,;

C.' (ii e~ LIt. I m' 1 To nthIIy.

c3.5 1 leortii iIitv

W ithIII t ilIure,- oc cu rrinLg in three-( (3i) (\\hfitet,, go I. )1I lk) 't ti I I, t (k

~iitnc. C all the program guilincespcii-

iZ((l L'~iC tehnciasonly, quantitative da, tai in this- 'ttk-L,)r A't.
sonit-wiit limited. H o-we VC r , qualitative datat oi)tallld trH *01 ie\ IkV,

anatlysis of' do.-,ign teatures, installation 1eluirk inenlts, calibrationl 011(

rcialibrit ion procedures, instruction Manuals, ete. p jroVided I ~itn
id hts is- fromn which to identify repairaility ftourcs desirable fir tmaY-

i no so k r V Ie.

liii' gold (extractive), wkhite (in-situ with asperafior) :in]Wil bik i~t

ia~tIkr, CS slitfececl m-ajor upsectting condit ionl thit r(.IIc (red tin( tomt 1a-

op. ab..do ring po(rtions of thev te-st. The gold InA i/ec \\w. s I A it

-L-1 ) tilC(d for aI faulty furnace- temrnptrbture cont rol c ircuit. Ihei teinne wrti-

fur.' Cont rol cirk uitry is designe-d to maintain 1,40tt 1 ., (TW)(i') ill tic lo"t-

cdi "fm(e ,c oundi th cell. Bot11 fafilure-tS wereL shot i t tL tIanrn'rtlIr

irntcontrol. A third failur.'-, idi~nticoil to tin first t\% ). oni thet lil1

voyae ws not rcpaired. 'll". l~rnace tebnlPc.riiurt, cont rol Is- a( k lp-

lishewd by an clet Conic cohiip IitI tb circuit. lb. fu rnai c Is .qipippn d v. it i

in17 enibietd tiiertiioiiiuleh. 'ANent tilt turimce is too hill (abowve s poiit

I ho tilt ICmocouI plhe oIttpi It t.N C 4 t'(I Hi. 1 Il t poJ I ill. .ind titClls tiC Ilnl Ilce Ii.

W l henr t In( tint i1-i loc oUpIi - 'ut pilt is hc. 1, It- set point tIh lit i telI .r oit pitl is

fI rti Ii -. (d. lii.. I Ivy, t lie- ott It11 I t i t liel Ct111i cm o i e s ould e lit ci t ink t

p I Iii oIId tilt' cotii't itlo r ,iiit 1,1-( I..p tip1 t Irn c If I,1( 1 t po it \Ih ill i.

tvg o I i. Clfit.. i> ti III 11illch t I 1 t ii. )I r i till, IiA vll te to

lmi . ii , I .m t .. ( ni I . I 111 ri g I.j I i ll' i inc i I 'llt Il. 1 i
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C U pI ' conipa rit or tvy - c ontriol s ystet ni to re gui a t t ht tern pi'rat ur rin

the furnace-L wvith successful re-sults. The' problems thaft plitigUid the'

ti'tlnj)'ratur_ i' Cuit in the gold inalyzer appecirs to havc bcunl thc( tiault
ot ti'k ijUO lit y of the. cam ponnent 5 used and not the gene ra li 0or y ni ploy -

t'. I The' White ainalyzer bcameli inoperative. dlue to blockage Of thiL' ;ispu:r-
ettor wvith soot, rust and corrosion. Thu white atnalyzer, unlike- the- Other
in-situL units, requLire.d an ais ptrator induced flow ot flue gas Over the-

ccii. The as perato r witas fittud outs ide Of the heatcd path thalt hi. gals is
mu.L-t I rajvel. Failure to hiat thc aspi'rator air and aispt-rator maiCIL tht-ii

cold siniks wirt, thi' rnoisturt' in the flue gas co~ndcnscd. 'ihi cond(-n-

SCdi mo1isture t rapped soot to formn a very crusty, corrosivc scalc which

c ont inkiall'1y plugge'd the fl ue gas path and c or ro~dud thu ais p rito r tip.

T'he p roltlns aiss ociated with this mnodelI anal yzec'r s tci' f roill it I C it buCinlg

tics ig ncc toi ha ndle dirty wet flue gas. An inte rnal as pc rato r, maide af

c or ros lvi resistant 11n'eai and operated with heattd atir WVouldhat'pr-
vidted lie-tte r reliability. This failuirc was repetativku and oce u r rcd on ll

but the( first Voyage.

T hi hlac:k analyzer S uffe redc anl c tc tron ies faiil ure which put it Out Of tcr -

vicc f or the final 45 days of the at-sea test and e valuation p. rid. lis;

failure occurred to a PCB component in the meter display and signal en-

ditioning circuitry housed in thc control cabinet.

All of the manufacturers offe red field repair of their a naiyzc rt . Howi cvu r,
this state tnt.-nt need,, qual1ificat ion with regard to inarne rt pa ir , aiai-
ity nid riepair uxpe rtise. It was found that the larger comnpanit's wvho dc at

in numi roUS s i)MpI)A ts pa rt o1 their product I inc \\iri' in ir e a 1 t to h ita Vi:

iii'11 service'L te'chnician1s Or service companies \ihonl Could offer Scr\1ict

aind ripair of tht' oxygen analyzer. Whereas for the sinalli'r niufaictu rcrs ,
the tichnIiiian was dispatched from the factory.

'Phi tinaing of ma rinie ri'pair and ship's schiduling is difficult to pre-dict.

It wits founcd that most faito rv te-chnicians wi'rc~ in ri t do-m ni~yd aind as
such, required at great dial of prior notice to provide, se rviii'. V,'atAor V
se r vice( wits best ha ndlei'd on ain aippoint ment haisis wh ichi for u iri to r i'-

patir r('(jUiretnentS is totally Unlacceptabli' duci to the' Unpridictahil itV ,I

ship's scheduiles. Also, tht' cost of fa.:tory o~rigiiiitc'( s,'r\ici wasvi fountd

to hi' much higher than local servici'. In sonme instuinct-, scrvii'c calls:
from Htn faictory approached one-half (1/2) tin' to)til Ofis atlth analyzitr

aind in g'nei4rai , were twici' thait of local si' rvici'.

Aviiliibility o~f Ioeal ripair teuini. itos wa. tiolwr st ron point. Ofteni

onlly 21l hou rs notice' is possilel, and din tositIr \il it it w

s l t I h hi l aCia1pt ti Iii' .1i11 I vi td iil i ttile(-. If.\

;111(i iOiiVi'(g ithei ta y~ ' Of the. lour tc ihiii i~nf ,'ii cn o Ill
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factory to perform the initial start-up and calibration of the oxygefn
analyzer, three were rated as good and one as fair. Of the tour s, r-
vice local repair technicians, only one could be rated as good, t\Ao

wcre fair and the fourth, unacceptable. The factory dispatched tehlni-
cians also carried spare parts where local technicians did not. Tht(
following is a qualitative comparison by analyzer of service and repctir

expertise as observed over the course of the at-sea endurance testing.

Analyzers Serviced by Local Technicians

Analyzer Expertiset

Yellow Good
Black Fair

Green Unacceptable
Gold Fair

Analyzers Serviced by Factory Dispatched Technicians

Analyzer Expertise

Red Good
Blue Good

White Good

Orange Fair

The service rates for a technician ranged from $30 to $48/1R as ,I
March 1980. Travel for one service call is a function of distance.; the.

highest travel expense bill encountered was $1, 0 8 5 , exclusive ()I la!),,r

costs.

The cost of a single repair, when factoring the cost of repair part.",
can range between 10% to 59% of the initial cost of the analyzer. Tie.r -

fore, it is essential that the repairability of small malfunctions bc \V th ii

the abilities of and performed by shipboard personnel. It is also suggcst-
ed when purchasing an analyzer that analyzer manufacturers without Ioci,,

service representatives be querried as to analyzer changcout eind fictory

return and repair of potentially high casualty rate items such as the st.cl<
sensor.

''he hands-on repairability of the analyzers is a functiol of 1t1 111tr,111''l 11

components and their location. The location of the e, nt rol ( tIhini,1 , ii
electronics were identical for all analyzers. |low-ver, 11p.'1,( "

of the sensor (where most of the maintenance occurs) w.s 1 tlter [,r, t1,,

in-situ sensor than the externally mounled extractiv,' se'nsor. TIw,

I
j -19



in-situ sensor can quickly be unplugged and unbolted from its stick

location and brought to a work bench. The extractive units are mad(
to be repaired in place. Repairing an analyzer in place ent~iils working

over and around steam pipes in one of the hottest regions of an engine
room. This is not to say that an extractive analyzer sensor could not

be designed for easy removal from the uptakes.

1. 6 Lnvironmental Influences

All but one of the analyzers held up well under the environm,.ntal in-

fluences encountered during the testing. Only one of the failures ob-
served (white analyzer) could be directly attributable to an environ-

mental related cause. This was the continually plugging of the aspcr-
ator provided with the white in-situ as described in Section 3. 5. The
following is a synopsis of typical ranges and values of key environmen-
tal factors in which the test units for the most part functioned success-

fully.

Control Cabinet Temperature: 75- to 105"F

Sensor at-Uptake Temperature: 900 to 115 11F
" Moisture (Maximum): 95% relative humidity

:- Vibration:

Frequency (Hz) Amplitude (peak-to-peak) (Ins.
1-4 0.40)

4-8 0. 100
8-14 0. 00

14-30 0. 010

30-100 0. 002
Variations in Electrical Power:

Voltage + 10%
Frequency + 2. 5%

Stack Gas:

Temperature: 290 to 330°F

HC: .6 ppm

Sootblowing: Ringleman 3

Ship's Service Air:
Pressure 90-110 psig

Control Air Filtered and CoaleseiLd

The most difficult environmental influences for the antlyzcr to) c( pe

with were hydrocarbon and soot contained in the flue gas. Ilydro-

carbons are ga :"ous by-products of incomplete comibustion. lhc
heated zirconiu,n oxide cell, maintained at between 1100 and 1 b l, w,i )Vt
a sufficient tempcrato re to (,ause hydrocarbons to rapidly oxidl.t'ke. 1,1ht,
rapid oxidation around the c I ,epleateCI the surrounding gtas (d ixy g',
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causing a shift in oxygen reading toward a lower value. Enough hydr,)-
carbons will make the analyzer read zero. The le(,vel of hydroca rh ifn.

necessary to cause a zero reading would also produce he.avy black

smoke in the boiler. Sensing "net" oxygen, while hydrocirbons iri.

being burned in the cell, will lead to inaccuracies in the re.adings. .,oot

in the flue gas when it comes in contact with the zirconium cell w Uill ulo,

causing a deficiency of oxygen. The reaction of the analyzer is the,

,is for hydrocarbons except that the soot 1)1rnns [lnger a nd a ills '.s r pe "

more rapid movements in the meter readings. Soot ingtestion can be" pr ,-

tected against with filters in the case of in-situ analyzers, and filte, rs alnd

asperator interruptors for the extractive units. The in-situ units h ;\

unglazed porous ceramic filters through which gas could ptss but not solid-.

One of the extractive units (yellow) used a tight m.sh screen in the (-nd )I

the sampler probe. Two (red, gold) extractive units were not e-quippe d

with filters. Figure 3.4 presents strip chart data illustrating anatly/e r

hang up after ingesting soot during soot blowing.

Asperation interruption during soot blowing should be provided fir e.x.tra -

ctive type analyzers where the asperator is an air op r;itl-d .dhictr \%hi-_I,

pulls the flue gas out of the stack and across the cell. In most cases the.

soot blowers are operated twice a day at-sea utilizing steam lanccs t, r,.-

move soot and combustion deposits from tube surfaces. By stoppinig ;as-

peration during soot blowing, soot is not ingeste-d and ;alowed to clk,_ it,

flow paths in an extractive machine.

Of the three extractive analyzers, only one (yellow) fully tddriess,-d thi
problem and supplied the air solenoids, pressure switches, iind ill I 1!I -

tions to cope with soot ingestion. A second (red) ancilyzer iddlCres, (I tII.

problerm with a solenoid valve air shut-off but lcft it up to th . ct ri ,

supply ele-ctrical switches and control wiring. Tht third (g Id), xi r.,tiv

analyzer did not address the problem. Figure . 5 presents a se C,.Il, tI,

of a typical asperator interrupter arrangeme nt. Also, the nue I)Lr ')I
parts in an extractive analyzer out-number those in in in-sitt iiinit t., Ilie

asperator, convection flue gas tubing, air intCrruptcr side nohs , 0 fit
air asperator block heaters and space heaters ire not pre nt in in- itIii

units.

1. 7 P-rcscntati.)n of Reading/Inform atioii

The following is a breakdown of analyz(-r % 0) re idout triiimi sipl, id

standard equipment with each unit.

1. Digital (blue)

2 . Pan'l Analog Melter (red, black, whitt', ,,rangc, Qil)
i. Ve rti al Strip Cha rt (yellow)

4. None (green)

3-21
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FIGURE 3.4

TYPICAL ANALYZER HANG-UP
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FIGURE 3.5
ASPERATOR INTERRUPTER
SCHEMATIC ARRANGEMENT
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The digital readout was provided utilizing a red light emnitt irg di,)1

(LED) display with a black background. This display Could b(i r-Id I

the tenth of a percent oxygen. It could also be readrom tm greaitcr i*i--

tanc e than the panel mounted analog mete rs bee auso.- of t he new- iii h hil_ i
numerals and contrasting colors. This fo rm of dlisplay v i s theL iv e r -

whelmning favorite of all shipboard operating pursoinnelI intt rviecvod.
Five (5) analyzers used panel mete rs, four (black, red lt, or,itie<
with linear oxygen scales and oneC (gold) had at logi rithmic )xygt-ji seLt Ic.
(See Figure. 3. 6). These mete rs were readable cloSe -up1 trid Va rotd I
size from 3 to 5 inches. The numneral s were_ app rixi-naitel y (ne--1Irtib

of an inch in height. On th ree of the analyzers (black, o riingc, 0i itt
range switches for 0 to 25% 02 or 0 to 10% 02sae emelrtil~
which offered inc reased readability of the display.

A ye rtical strip chart was supplied with the yel-low,, analyzer. Thc ipt

On the c ha rt was non -dime ns iona I and re ad ats 0 to 1 00",1 of seaj Ic. 'I'l L r I
fort-, some interpretation and mental calculation would I)( nccsso my ti)

correl'at at chart reading to percent oxygen. This was thet le-ast vi~uail
and roost di fficulIt to read. Also, the requirement for d C ha r t and pinl

dIrive adds another complex piece of electronic cornponentry to the sys-
tein that must be maintained.

One- analyzer (green) came with no display. The only meatns of- rniisiri!
OX ygen wats with it ship's portabIle multirneter, or as inl tilt- e;se ()I this
tet,, connec~tion it) a strip chart recorder.

The p~resuenta tion of add itijonal info rma tion oth er than 0 0, thait C a11i1 Ia 0-

tatined by looking at the analyzer control cabinet fro)nt wvithout thi. iid i)t

multimecters or tools varied from unit to unlit. Tho' preLsent)ationl of this
additional information Was evaluated so that aI etmor-parisonI could he- drawn'

iof the potential ove rall usefulnecss of each anlzrsdi-,pla\'. It ~ st~i

that the ;inalvzer readouts of percent o)XygenI ol(itn with nlo a)thlt r upot

information (lilts not instill contoplete use r eontidene.c. Shirt (I t ,i hritjliI4
tite inailyzer with calibration gatses, iitlir ihisjpli ilt' ntijitjIii i titI '
hi wseful to tbi- ii 1 )iraor is wits tii increase ( his ( i)tidliii, in the this-

f)1liyi-(l 0, readinig. Ihe, (isplatys of the analyzcris t.ttd( rinfged I110111l

unit (blue) that \A;i.- equ11ipped with self-diagnosth s,at rots, 1( i dit iii

indlieitom lights, to onec unit (green) w&ith no pr)i st-ititi~ii ithliin,tl iit

wbatsoivi m. The indications by thlt crngintcrs, uil)jii 1tl -ip \y r, "...

(lear in tII;it the(y felIt that the ana1,lyzer1 w.ith the 101 iii 1 tit dlis;ihiy \\.I

pri-fe-r rd ;tnd mnore co(rrloet migardli-ss of whettht. iri'r 11i0 thil 11111 iYtt tIll

phci ir display, we-re correct(. Fhei liii displily- I ixv lli t ti-nt1 rit 1,-1
only) i nd in auste ire mnodils (no dIisplaiys ) ritqili meq 1 11o111 11(t r-l"t. .1111' rnt-

n ili iirks to as certa in anrd ohbt ir n miji of tilie d'i ti r, .dii\ . vi11Ii1hht )Il

the- I runt pianil on thet blue unit.
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The following is information based on opcrator shipboard and shortes(dc
personnel interviews and opinions that is ftcIt to bte the required mini-
mum to be made readily available for a marinized zirconium oxide hb;s d
oxygen analyzer. Analyzers curre.ntly providing soJnic form of these
features are also noted.

Ccli Temnpe rature: The cell t-mp crature is the single
most important piece of tia gno- tic inforrnation ;n ana -
yzer can display. 1lhc cell tcmpcrature is a controllcd
vairiable in the Nicrnst Equation in all but one analyzcr
(blue) and without knowledge Of its proximity to the set
point confidet C in ace u racy may suffer. A ternlperatiur,

readout digitally or on a scaIle was preferred. This tea-
ture was provided by the blue, orange and gold analyzers.

Short of a tempe rature readout in degrees, 0°F or (C, an
indicator light either blinking or of variable intensity is

also useful in detecrmining if the heating elements were
up to or near set point temperature. This feature was
provided on the red, blue, orange and white units.

Cell Resistance: Cell resistance may vary dcpending upon

age and condition of the cell. A resistance check is useful
in isolating cell failures as a cause of analyzer m;alfunction.
This was displayed on the blue analyzer.

Auto or Semi-Automatic Span Zero and Check: This fetture

provides the user with a quick calibration check. Tlhe span

mode was for checking the calibration with air on both sid os

of the cell (reading 20.95%), and zero checks we c mde by

flowing low oxygen content calibration gas acro.ss th( c ll.
The difference between a manual calibration and this type
of semi-automatic calibration is that thc analyz, r tonlroI
cabinet houses the valvcs, switches and fittings to allo%%

a check to be made quickly and from the control cabinet
a rea. The advantagc of this arrangement is thit t cli-

brat ion checks may he done more frequc nti ly aind quickly
This feature was provided on the bluc, black, oritntze aind

white analyzers.

Alarm Conditions (Visual): Alarmed conditions maty he.lp

thc user by bringing his attention to the analyze.r di -pi.tv

when an upset condition occurs. Only one' analyzcr (blu.)

in the test addresse d the status atnd stt points of tin .i( n,,v-

ze r ope ration by p roviding visu,il c o),rcd larm ligh-

is well as term nin ls for additional iudio .i.,', s. 'lI

status and set points for which the, blte unit provide-d \'1 tl.I



alarms were:

Status Indicators Color of Light

Optimum oxygen Crn,.n

Early warning (for low oxygen) Ycllmw
Altrm (high/low oxygen) Red

Set Points Lights and Displayed Valu.s:

ltigh/low cell temperature Set point/display
Early warning Set point/displ,,y
Alarm (high/low oxygen) Set point/display

Cell tempoerature, system diagnostics, high-low limit
displays and auto-cat ib ration can be of grc ,t va htc t)

the operator in his ability to ma intain and re pa in ;l n ,xy -
gen analyzer. Table 3. 7 presents a detailed sumnmra ry
of the display features and options provided %kith cach
of the analyzers evaluated.
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should be accomplished as quickly as possible. Under

no circumstances should an installation be attempted
on a piece-meal basis, leaving components such as stack

sensors in the uptakes in a non-operational state for long
periods of time. This approach can create severe opera-

tional reliability problems once the unit is placed in ser-

vice. As part of the purchase agreement an authorized
service technician should be provided to check and verify

the electrical and mechanical installation, to start the
analyzers, to calibrate and adjust the system as required
and to provide limited on-site operational and maintenance

oriented training for designated shipboard operating per-

sonnel.

Over the course of the at-sea endurance testing obtaining
required field service support was difficult. Many manu-
facturers were unfamiliar with the requirements of keep-

ing up with and meeting a vessel requiring service during

a coastwise voyage. A clear understanding of the nature
and requirements of marine service should be indicated

by a potential vendor. Availability of service at various
ports of call should also be identified. The manufacturer

should also be required to identify a list of recommended

spare parts. These should be placed aboard the vessel.
This action ultimately will result in less down time for the
analyzer and a potential savings in service costs as ship-

board personnel become familiar with the equipment and
are able to perform basic repair procedures.

Calibration gas is the most meaningful standard by which
to check and adjust analyzer calibration and to identify any

degradation in performance, be it correctness of reading
(accuracy) or repeatability. This gas should be provided

on the ship in concentrations suitable for checking the com-

plete range of the analyzer; i.e., 2% 02, 10% 02 and 15%
0?. (Air, 20. 9% 02, can be used to check the high end. )
Calibration, as a minimum, should be checked at least mon-

thly if semi-automatic or automatic calibration features,

which allow more frequent checking, are not provided. A
complete overhaul and grooming of the analyzer should be
performed annually. The cell should be replaced bi-annually.
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RECOMMENDED SPECIFICATION FOR
A MARINIZED OXYGEN ANALYZER

Oxygen Analyzer Zirconium oxide
Sensing Principle:

ELECTRONICS

Power Requirements: 120V AC, + 10%, single phase
50/60 Hz, < 1500 Watts

Range: 0 to 20.9% or 0 to 25% 02, standard
0 to 10%, optional

Ambient Temperature: -15 F to 160°F

Electronics Enclosure: NEMA-4, watertight and dust proof
with clear windows to observe
reading without opening door.

Radio Frequency RFI protected per Mil Specs. CS01,
Interference: R501, R502 and R503, at a field-

strength of 15 volts per meter
from housing.

Vibration: Protected for amplitudes and fre-
quencies of these magnitudes:
1-4 CPS (. 400 ins. ), 4-8 CPS
(. 100 ins. ), 8-14 CPS (. 030 ins. ),
14-30 CPS (.010 ins. ), 30-100 CPS
(. 002 ins.

Cell Temperature Stabilized solid state components with
Controller: ambient temperature compensdtion

and fail-safe design to prevent over-
heating of cell heater and cell.

Line Switches: Electronic component isolation switch

with power on/off indicator light.

Printed Circuit Plug-in type with slide-in access and
Boards: labeled adjustment potentiometers

and test points.

1
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Signal Outputs: Isolated linear or log 4-20 ma signal
with at least 500 ohms load, standard.
Optional signal outputs to be made
available: 0-50 my, 0-100 my, 1-5

ma, 10-50 ma, 0-5 v and 0-10 v.

System Accuracy: + 0. 5% oxygen concentration or + 5%
of measured value.

Display: 1. Direct continuous reading of percent
oxygen (% 0 2).

2. Cell temperature display.
3. Power on/off indicator light.
4. Analyzer temperature status (ready)

light.

Response Time: 90% of full scale in less than 5 seconds.

Repeatability: +. 2% of measured value.

Calibration Drift: Less than . 1% of full scale per month.

SENSOR

Power Requirements: 120V AC, + 10%, single phase.
50/60 Hz, < 1500 Watts.

Ambient Temperature -15 to 160 0 F
Range at Probe:

Ambient Temperature -15 to 4000 F
Range at Probe Head:

Process Gas -15 to 1500°F
Temperature:

Probe Materials: Probe construction shall be of 304 stain-
less steel with 316 stainless for inter-
nals in direct contact with stack gases.
Insulation shall contain no asbestos.

Mounting Bracket: Flanged bracket and bolt pattern are to
be ANSI standard and/or NPT threadd
pipe connections. (Standard for short
probes. ) All required gaskets and bolt-
ing shall also be supplied.
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Air Requirements: All necessary filters and separators

and regulators to reduce 60-110 psi
ship's service air to clean dry instru-
ment quality air. Also, roto meters
and/or pressure gages at the analyzer
for calibration, asperator, and refer-
ence gas flows, as required, shall be
furnished.

CABLES

Control Cables: A minimum of fifty (50) feet of the multi-
conductor control cable from the probe
to the electronics temperature control
and/or control cabinet shall be supplied

with the analyzer. The control cable
at the probe end shall be provided with
a quick disconnect plug. The cable shall

be of an approved type for marine use
with protective outer armor per IEEE
45.

SOFTWARE

Installation Drawings: Mechanical prints for the installation of
sensor and control cabinet and electri-
cal schematics for power, control and
signal wiring shall be furnished.

Instruction Books: System Description
Installation Procedures
Start-Up Procedures
Calibration Procedures
Calibration Curves:

Cell mv versus % 0 2
Temperature versus thermocouple mv or
RTD ohms

Troubleshooting Section
Maintenance Section
System Diagrammatics:

Mechanical
Electrical

Wiring Schematics:
Electrical

'F] Electronic
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Spare Parts Information:
Recommended Spares
Price List
Ordering Information

Service Information:
Location and Telephone Number

of Service Groups

Sources of Calibration Gases

MISCELLANEOUS

Calibration Equipment: The analyzer shall be equipped with
calibration port rotometers, pres-
sure gages and a control panel is
necessary to direct and control the
flow of calibration and reference
gas to the probe. Calibration gas
shall be supplied consisting of oxy-
gen in a nitrogen background, in a
concentration specified by the manu-
facturer. The amount of calibration
gas shall be sufficient for one year
under normal operation.

Factory Test: The analyzers shall be factory tested
for a minimum of three (3) days of
continuous analyzer operation to as-
sure that the analyzer is delivered in
calibration and is free from all known
defects.

Shipping and Packing: The analyzers shall be shipped in rugged
containers with expanded foam filler.
Plastic wrap shall protect the compon-
ents from moisture and the intrusion
of the foam filler mate rial.

Warranty: The analyzer shall be delivered free of all
defects within twelve (12) weeks after re-
ceipt of order. The manufacturer shall
be responsible for the replacement of all
defective parts that fail under normal
service and operation for a period of
twelve (12) months after receipt of ship-
ment. The manufacturer shall provide
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service free of charge for a period of
six (6) months after installation, ex-
elusive of travel and expenses.

Options: Non-standard probe lengths and supportJ brackets.
Non-standard control cable lengths and

protective coverings.
Automatic calibration control and panel.
High and low 02 alarms and lights.
Cell resistance indicator (digital or

analog).
High and low cell temperature indicator

lights.
Early warning lights.
Meter range selectors.
Cell test jacks.
Multi-probe averaging features.
Power supply: 220V AC, 50/60Hz.
High temperature probe to 28000F.
Soot blowing interruptor switch for asper-

ator (extractive only).
Air controlled asperator shut-off (blow

back).
Oxygen calibration gas bottles of recom-

mended (2, 3, 10 or 15) % 02 in a nitro-
gen background.
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APPENDIX A

SAMPLE ANALYZER TEST QUESTIONNAIRE
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Oxygen (02 ) Analyzer At-Sea Test & Evaluation

MarAd Contract No. MA 79SAC-00039

I Analyzer and Test Questionnaire

Name: Rank:

Months Service STELLA LYKES:

1. How many times a day did you look at the oxygen analyzer displays ?

2. Which machine display impressed you the most

Why?

3. Which machine did you think was the most accurate on the upper tier (Stbd) ?

4. Which machine did you think was the most accurate on the lower tier (Port)"

5. Which other machines did you think were accurate ?_

6. Of the calibration systems, which was easiest to operate°?

7. Have you ever run an orsat? How long does it take to run a typical

02 test?

8. What value is the information an 02 analyzer gives you ?

9. Did you consult the technical manual of the 0 analyzers?

10. Did you use the oxygen analyzers to keep trim or check excess air at sea ?

11. Would you like to see all ships equipped with oxygen analyzers in the future?

12. What features did you like least about the 0 analyzers?
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HOUSTON NEW ORLEANS GALVESTON

SERVICC~STO BRANCH Om::CS
OWNERS, OPERATORS AND AGENTS

CoS RINDCIESTI ..

CONINNTL URPELAKE CHARLCS L0ND0N
aEINHIS NA;$ODIN AND EAST AVAICA NoeIl"E .0 TEND..
NEW YORK SAN JUA%

WEST INIES O0. ARTHUR
MORIN COAST O0P SOUTH AMERICA CABLE "LYKES" TAMPA

WASHINGTON

*-,arcll 3u,19W.

TO) dvhi-i IT I-LAY CGI)Citld.:

On this date the following oxygen analyzer calibration checksI
were witnessed and the units sealed for the cot-unencenent of
the U.b. Inaritime Adiiinistration sponsored at sea test and
evaluation of oxygen (C-2) analyzers.

lkhjLY2, iL C11L. Gi1 $ _______- DATt
FIL IM O)BEhV

God0 10% 3/2&/80
red 10% 10% 3/2F/80
3lue 1OL 101/0, 3/26/SO
Yellow 10% 10$ 3/28/60
Urange 10%t O ~ 3/26/W
hite 10% 1O 3/301/%0
black I 0,, 10,% 3/30/80
-'reen 0 ~ 1 0, 3/30/A0

Jseph LA Gobroski
Chief Lngineer
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General Specification for Oxygen Analyzer Installation

This general installation specification provides herein the overall

scope of work involved in an oxygen analyzer installation for a typical

two-boiler shipboard application. Subsequent to the ordering of a par-

ticular analyzer a detailed installation description and material list

will have to be formulated.

Installation-Mechanical

The oxygen analyzers are composed of two basic parts; the control

cabinet and the stack sensor. The control cabinets are to be located

adjacc-, to the ope rating station, and the sensors are to be located in

the boL-er uptake above the economizer.

A. The Control Cabinets in general are NEMA enclosures which

can be directly mounted to angle iron frames; 2" x 2-1/2" x

1/4" stock has proven satisfactory material for the frames.
The frames should be fabricated in a ladder design, mounted

upright and welded to the deck. Stiffeners and angle supports
should be added as necessary to make the frames solid. Sup-

port pieces to be fabricated as required to pick up the mount-

ing ears of the individual control cabinets.

B. The Stack Sensors may be mounted in the rectangular uptake

section directly above the economizer expansion joint. To
mount the sensors, a square of uptake insulation is removed
and the uptake penetration is made by targeting from the mount-

ing flange. Once the penetration is made in the uptake, the
mounting flange is welded to the uptake surface, allowing the

sensor to be bolted onto the flange. In most cases the mount-

ing flange is of a special design and is furnished by the analyzer

manufacturer.

C. Control Air for those analyzers requiring it will be supplied by
a 1/4" copper tubing supply line. The control air system (dried,

filtered air) will be tapped and valved at the closest point and

led to the uptake area near the stack sensors. Each sensor
should be provided with its own 1/4'' supply line and an isolation

valve (1/4" NPT gate valve). Flare or other type tubing fittings
and tubing to piping adaptors should be provided as required.
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Installation-Electrical

The oxygen analyzer systems will require three types of wiring for

power, control and signal.

A. Power Cable for the analyzers should be run from a

115V AC, 60 Hz power source to the control cabinets and

in some instances, to the stack sensors from the control
cabinets. The cable required is an armored, 3-wire, 15
Amp, 115V AC, 14 AWG cable. This is standard lighting

cable throughout the vessel. As an estimate at this time
for planning purposes, 250' will be required along with
proper termination lugs, approved stuffing tubes, wire

way clamps and ties.

B. Control Cable for the analyzers in some instances is of pre-

terminated umbilical cord type cable of a special design and
size for each individual analyzer. If supplied by the manu-

facturers, it will only have to be run in the wire ways and *
"plugged" into the units. A detailed specification should be

written for any cable that is not included as a part of an analy-

zer package. A cable of specific style, as required, should

be laid-up before the installation date, tagged and set aside

for the analyzer it is to service.

C. Signal Cable is only necessary in certain instances to con-

nect the control cabinet with temperature controls or the is-
olated output signal to various loads (strip chart recorders
or a controller). The approved cable for this service is
TTRSA-1 (2 conductor) armored shielded instrument cable,

which has one twisted shielded pair of conductors. This

cable's armored shield or the outter bonding mesh is to be
grounded at one end to eliminate noise and electrical inter-
fe renc e.

D. Electrical Hardware necessary for the installation includes

but is not limited to stuffing tubes, wire ties, clamps, ter-
mination lugs, and switches. Upon identifying the 115V AC
panel(s) to be used for power, additional 15 Amp circuit
breakers may be necessary if spares are not available.

(Two (2) breakers are required).

Contracted Labor

The labor force necessary for the installation of the analyzers aside
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I from owner/operator supervisory personnel and vendor field repre-
sentatives are estimated to be as follows to complete the installationJin a two-day period.

Hot Gang

1 Burner

I Welder

1 Layout Man

Shipfitters

I Pipe Man

1 Mechanic

Electricians

1 Qualified Electrician

1 Electrician Helper

The work force may have to be adjusted from the first day to the
second day according to the progress of the project.

Manufacturer's Representatives

The manufacturer's representatives should be onhand for technical
information, installation assistance and start-up calibration. The
representatives should instruct the owner's representative in opera-

tion and maintenance.

1
1

I

I-



rI

BIBLIOGRAPHY

Final Report, Evaluation of Techniqjues for Improving Combustion
Aboard Ships, U.S. Department of Commerce Maritime Admini-
stration, Contract No. 6-38008, February 1978.

A Practical Operating Guide For Tuning Steam Turbine Propulsion
Systems, U.S. Department of Commerce, Maritime Administration,
Contract No. 7-38067, July 1978.

Schroppe, T., Marine Boiler Technology For Operation in the 1980's,
Presented at the Marine Steam Propulsion Seminar, New York, N. Y.
January 1978.

Exxon Corporation (USA), Fundamentals of Boiler Efficiency,
November 1976.

1.



D1


